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Foundations 
of Modern Psychology 


Series 


The tremendous growth and vitality of 

psychology and its increasing fusion with 
the social and biological sciences demand a new approach to teaching at the 
introductory level. The basic course, geared as it usually is to a single tex. 
that tries to skim everything—that sacrifices depth for superficial breadth 
—is no longer adequate. Psychology has become too diverse for any one 
man, or a few men, to write about with complete authority. The alterna- 
tive, a book that ignores many essential areas in order to present more 
comprehensively and effectively a particular aspect or view of psychology, 
is also insufficient. For in this solution, many key areas are simply not 
communicated to the student at all. 

The Foundations of Modern Psychology is a new and different ap- 
proach to the introductory course. The instructor is offered a series of 
Short volumes, each a self-contained book on the special issues, methods, 
and content of a basic topic by a noted authority who is actively con- 
tributing to that particular field. And taken together, the volumes cover 
the full scope of psychological thought, research, and application. 

The result is a series that offers the advantage of tremendous flexibility 
and scope. The teacher can choose the subjects he wants to emphasize and 
present them in the order he desires. And without necessarily sacrificing 
breadth, he can provide the student with a much fuller treatment of 
individual areas at the introductory level than is normally possible. If 
he does not have time to include all the volumes in his course, he can 
recommend the omitted ones as outside reading, thus covering the full 
range of psychological topics. 

Psychologists are becoming increasingly aware of the importance of 
reaching the introductory student with high-quality, well-written, and 
stimulating material, material that highlights the continuing and exciting 
search for new knowledge. The Foundations of Modern Psychology Series 
is our attempt to place in the hands of instructors the best textbook tools 
for this purpose. 


Preface 


Perception is one of the oldest subjects 

of speculation and research in the study 
of man, with a correspondingly long history of theory and fact. I have 
tried to keep this brief introduction open to new approaches and possi- 
bilities, but at the same time conservative—as a science must be if it 
is to profit from the inquiry of previous centuries. 

This dual aim requires a rather condensed treatment of this increasingly 
technical discipline; however, details are presented only in the context 
of the broader questions that make them important, and the more de- 
manding material has been collected in plates that may be skipped without 
serious loss to the over-all discussion. Figures in this latter category are: 
4-16, 4-25, 4-26, 4-27, 4-28, 5-1B and C, and 5-12. With these excep- 
tions, the figures and their captions should be treated as integral parts 
of the text, since pictorial display has been used mainly as a substitute for 
(not as a supplement to) written exposition. 

The reader is also urged to follow the order of the chapters, since 
there is a close development from one to the next as we pursue the 
general question of “Why things look as they do." 
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The Study 


0 f P erc eption We study perception in an 
attempt to explain our observations of the world around 
us. Some of the reasons for undertaking this study are 
specific and practical. Some are general and theoretical, 
and arise out of the very old problem of how man comes 
to know his world. 

In fact, the study of perception started long before a 
science of psychology existed. A great deal of the early 
research in this area was the work of physiologists and 
physicists, and many important contributions to per- 
ceptual psychology were made by men who are not usually 


thought of as psychologists. This is still true today because 


T 
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the problems of perception cut across other sciences: We cannot begin to 
understand man's perception of the world unless we also understand some- 


thing about the world as a set of physical events and about man as a 
physiological structure, 


It is not enough to say that the study of perception is concerned with the 


observation of the world: so are physics, chemistry, and all the other sciences. 
Moreover, as we shall see, these physical sciences are capable of completely 
explaining the world and everything in it—at least in principle. Why, then, do 
we need a separate study of perception? We may first become concerned 
about the perceptual process in the following kinds of problems: 


1. When our observation turns out to be in error and 
occur (misjudging an aircraft landing or automobile tr. 
awkward social situations develop (mistaking somebod 
Such occasions of mistaken perceptions and 
crepancies between the observed world and 
study of the processes responsible for our ob: : 
of the trustworthiness of our "senses" has intrigued philosophers for centuries. 
More prosaically, many persons in technical professions (such as traffic safety 
engineers) are concerned with eliminating misperceptions, and at least as 


many are concerned with causing them—beauticians, fashion designers, and, 
above all, artists, 


2. When we want to re 
substitutes ( 
will respond 

3. When 
Tn this case, 


damaging accidents 
affic conditions) or 
y's anger for joy). 
illusions (in which there are dis- 
the physical world) call for the 
servations. The general question 


place the real world, by some specially prepared 
or surrogates) such as pictures, TV, or hi-fi, to which observers 
as they would have responded to the real objects or events. 

we want to be able to replace a human observer bya machine. 
we must first find out exactly what the machine has to do if it 
were to replace, say, a human plane-spotter, 
Frequently, only the end result is important: 
the supermarket does not have to see you in 
in order to do its job. If, however, our pur 
understand how observers, as human mech: 
examine the perceptual process in great detai 
trying to simulate. 

4, When we wish to discover the bodily processes upon which our observa- 
tions depend. For example, when we seek to understand and remedy sensory 
defects (such as poor vision or hearing), we must study how our sensory 
organs contribute to our perception of the world. 


map-reader, ог apple-sorter. 
The automatic door-opener at 
the same way a doorman does 
pose is to show that we really 
anisms, operate, we must first 
1 in order to know what we are 


Perception, Physics, and Psychology 


attention to certain characteristic differences between the physical world and 
the perceived world. 

There are vast differences between the “real,” or physical, world, as it is 
defined and measured by the instruments of physical science, and the per- 
ceived world of normal, unaided observation.* Four kinds of difference will 
be important to us in this book: 


1. Many physical events cannot be observed at all by the unaided sense 
organs: the too-large, the too-small, and the energies for which we lack 
sensory organs, such as damaging radiation from cosmic rays or from the 
fall-out of nuclear explosions. Physical science needs instruments to detect 
what our senses cannot. (We shall discuss these limitations in Chapter 2, pp. 
8-10, 14). The reverse is also true. There are numerous properties for which 
no physical instruments can be presently devised, such as tastiness, sexual 
attractiveness, and artistic quality. 

2. What we observe is never in 
exact correspondence with the 
physical situation. Some aspects 
are omitted, some added, some dis- 
torted. An illusion exists when ob- 
servations made with the aid of 
physical instruments yield different 
results from those made without 
such instruments, (See Figure 1-1; 
we shall discuss illusions in Chap- 
ter 4, pp. 54-57.) In fact, most 
of the qualities of the world we 
do perceive (size, color, weight, 
Figure 1-1. Perceived length vs. meas- and so on) are only very loosely 
vred length. The Mueller-Lyer pattern related to the physical measure- 


shown here is an "illusion": Are lines х г 
1 and 2 of equal length? Аз measured ments to which we have given the 


by some physical instrument (a ruler, same names. 
for example), they are both about one 
inch in length. As observed without such 
aids, 1 appears shorter than 2. 


Even if an event is capable of 
affecting our sensory organs, 
there is no guarantee that we will 
observe it: We first must look at 
an object before we can see it. In addition, we may not even be able to see 
what we do attend to: Certain “organizational” requirements must be met. 
These are not easy to explain at this point, but we shall discuss them in 
Chapters 4 and 5. For now, though, we can illustrate this principle. Look at 
Figure 1-2A. It contains a picture of an old woman. Each of its parts is as 
much above the threshold of the sense organs as are those of the young woman 
(in fact, they are the same parts doing double duty). Can you see it? Can 


NI do not intend to imply that the physical world is more or less “real” than the 
perceived world, since the term "reality" has no specific scientific meaning; however, the 
pi Sical world does have certain exceedingly useful consistencies that, as we shall den. the 
péfceived world does not always display—and vice versa. = 
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you read the hieroglyphics in Figure 1-2B? If you turn to footnotes A and B on 
page 15, you will then be able to observe these previously invisible objects. 

For advertising or courting purposes, it is desirable to be highly visible. 
For concealing oneself from unfriendly eyes, it is good to be invisible. Both 
man and nature have developed effective techniques for achieving these ends 
(Figure 1-2C, D). 

In short, the perceived world is not identical to the world we learn about - 
through physical measures, and one of the primary tasks of the study of 
perception is to discover the relationship between them. This study cannot 
be a purely psychological discipline because physics and mathematics are 
needed to determine what physical energies act upon our sense organs, and 
physiological and anatomical factors set the limits of what can affect the 

Sensory organs. On the other hand, no amount of study of the physical 
energies alone, or the physiological structure alone, will teach us anything 
about perception. 

The study of perception is primarily psychological. In fact, the problems 
of perception were once central to all other fields of study in psychology. 
Until the early part of this century, the main aim of psychology was to explain 
all of the possible thoughts or ideas we have by their origin in past and present 


Figure 1-2. Objects may be physically 
present, yet they may not be observable. 
(A) Can you see the old woman? 
(After Boring.) Every part is clearly 
visible. (B) Can you read the symbols 
in the row? (C) Natural self-efface- 
ment: "protective coloration.” (D) 
Artificial invisibility: man-made camou- 
flage. 


sensory experience (pp. 32—45). This goal has been pretty well abandoned, and 
perception has vacated the central position it once maintained. As a discipline 
in its own right, however, perception is still usually regarded as “basic,” even 
though the attempt to rest all of psychology upon it is no longer seriously 
entertained. 


CUTLINE OF THE BOOK 


We shall discuss the topic of perception only as a set of scientific problems, 
that is, as problems that are accessible to factual statement of the questions 
and to factual evaluation of the answers. This approach leaves out a lot of 
what has been said on the subject. At the same time, we shall try to consider 
research problems and findings in terms of their relevance to either practical 
application, or the furtherance of coherent human knowledge, or both. 

In Chapters 2 and 3 we shall survey the study of how we perceive very 
simple physical phenomena, such as a spot of light of a particular wavelength. 
Many psychologists still view the results of such research as the basic ground- 
work on which our other perceptual knowledge must rest. Otherwise, this re- 
search is mainly of interest to sensory physiologists, and to human engineers 
who design signal lights, instrument panels, and so on. 

In Chapter 4 we shall consider attempts to use these findings to explain 
how we perceive the world, and the difficulties that confront these attempts. 
The objects studied here and in Chapter 5 are still *physical"—sizes, dis- 
tances, lightnesses—but they are closer to the world of normal observation, 
and they are of more general interest, especially to artists and educators. 

Chapter 6 samples the new field of social perception. The objects studied 
here include people, their social relationships, and their personal qualities, all 
of which are of potential interest to social psychologists, advertisers, and 
theatrical directors. Although research in this area is very sparse, its promise 
is great. 

By following this organization, which is roughly the historical order in 
which investigation has proceeded, experimental research appears in the 
context of its purposes, and the objects of perception become increasingly 
more natural and meaningful from one section to the next. 

Because the different senses have not been equally explored, and because 

they are not equally important for the questions asked in each of our sections, 
we shall not treat one sensory system at a time. Instead, we shall first survey 
the sense of sight, and then introduce the others as problems necessitate. This 
Source of distraction may be relieved somewhat because vision will pre- 
dominate throughout, reflecting both the importance of visual perception and 
the ease of presenting visual phenomena on the printed page. 
, Wherever possible, I have presented miniature experiments to illustrate 
important phenomena and to circumvent more lengthy descriptions. You are 
urged to perform these experiments, and thus to transform an abstract dis- 
Cussion into concrete participation. 
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The Sensations 
and Their Measurement THE SEPARATE SENSES 


We observe the world through our several senses, Or 
modalities of sensation. Imagine that a songstress is Pe 
forming: If you close your eyes, the song continues, but 
you can no longer tell whether the songstress is blonde or 
brunette; 


if the sight was more pleasing than the sound, 


you can reopen your eyes and plug your ears with your 


fingers. It is easy in most cases to separate the sensory 
channels of seeing and hearing. But some of the other 
senses are not so €asy to separate. For example, taste and 
smell are closely intertwined (so that pinching the nostrils 
ог catching a cold results in truly surprising losses in 


6 


flavor), and the position senses, as we shall see, are almost inseparably in- 
volved in the operation of seeing and hearing. 

Here is a listing of the major senses. Those that will engage us in this 
book are marked with asterisks. Note that there are more than the traditional 
“five senses." 


1. The distance senses: seeing * and hearing.* 

2. The skin senses: touch,* warmth, cold, pain, and the closely related 
chemical senses of taste and smell. З 

3. The deep senses: position * and motion * of muscles and joints (kin- 
esthesis), the senses of equilibration * (vestibular), and the senses of the 
internal organs. È 


For each of our senses, we have specialized sense organs that are most 
readily aroused to physiological activity by one class of physical energy or 
stimulation, and whose resulting action or response allows us to detect or 
discriminate the presence or absence of that physical energy, and produces 
the corresponding characteristic experience. Thus, although we can tell that 
there is intense sunshine on the skin of our shoulders by its warmth (and by 
its subsequent blisters), the eye is immensely more sensitive to the presence 
or absence of light-energy than that, and only the eye’s response produces the 
experience of light or darkness. 

But we can tell much more about the world than that it is light or dark, 
noisy or silent. With each sense organ, we can make many different observa- 
tions: We observe that lights differ in degree or amount, not only in their 
presence or absence, and that they differ in other ways as well. Within each 
separate sense, these differences in quality and quantity seem to recur in 
various combinations in the objects we observe around us—qualities such as 
“blue,” “red,” “cold,” “hard,” and so on. To discover that light-energy is 
the physical stimulus for the observation of “light” vs. “dark,” and that the 
eye is the receptive sense organ is relatively simple, but to discover the physi- 
cal stimuli and the anatomical equipment that are responsible for the different 
observations we can make within each modality of sensation presents far more 
challenging and fundamental problems. 

3 Two quite different sets of procedures were used to discover the list of 
different sensory qualities—called sensations—that we can observe, and to 
discover the differences in physical stimuli that are responsible for these dif- 
ferences in sensation. The general procedures were called sensory psychophysics 
and analytic introspection. We shall examine each of these procedures in some 
detail, since the first one is still in use, and an understanding of the second is 
essential in grasping most modern perceptual problems. 


The most precise way of cataloguing the “sensations” (that is, the differ- 
ences we can observe eyen within each sensory modality) and of discovering 
their physical bases, is called sensory psychophysics. A measured change is 
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made in some single aspect of the physical energy that stimulates a sense 
organ, in order to find out if this change makes any difference in what 
the observer perceives. Although each sense organ can do much more than tell 
us whether or not physical stimulation is present (for example, whether it is 
day or night), the number of differences we can observe in any sensory 
modality is limited: Our observations do not change with each and every 
change in physical stimulation. Just as there are physical energies (like radio 
waves) that we cannot observe directly because we have no sense organs that 
are sensitive to them, we cannot observe too-small changes even in those 
energies for which we do have sense organs. One of the first tasks of sensory 
psychophysics is to discover what differences we can observe. . 
The smallest change in any physical stimulation that we can observe with 
our unaided senses is called the difference threshold, discrimination threshold, 
or just noticeable difference—usually abbreviated JND. There are several 


uses for these measures, and a great many psychophysical methods have been 
designed to obtain them. 


The Psychophysical Methods and Measures 


The psychophysical meth- 
ods were originally designed to measure thresholds. The concept of 
thresholds is quite simple, and the psychophysical methods are equally simple 
zin principle. We might measure a difference threshold quite simply by start- 
ing with two stimuli that are physically equal, and then change one a little and 
see whether they still appear equal, change it a little more, and so on, trial 
by trial, until they are barely different enough physically to appear unequal 
to each other. The physical difference on the last trial would be the difference 
threshold.* For example, with two incandescent lamps of the same wattage, 
we would keep one unchanged, calling it the standard stimulus, and increase 
the voltage of the other lamp, the variable stimulus, until its output of light- 
energy exceeded the difference threshold and it no longer looked identical to 
the standard but was, instead, just noticeably brighter, 

There is a major complication, however. When an observer tries to decide 
which one of two almost identical objects is brighter (or larger, or heavier, or 
colder), his judgments fluctuate: Now one looks brighter, now the other. The 
task is like straining to hear a very faint whispered signal in a hearing test. 
What first seemed to be a very quiet room now seems to be filled with creaks 
and echoes, and even the rushing sound of the blood in your own ears makes it 
difficult to decide whether you actually heard the signal, or whether what you 
heard was simply a bit of the varying background noise. You might well 
mistake the background noise for the signal—an error called a false alarm— 
or you might make the opposite mistake, and miss the signal. This sort of 
fluctuating interference afflicts all threshold decisions, so that an observer’s 
relative willingness to commit either false alarms or misses (his so-called 
response bias) will affect che size of the difference threshold. The very nature 
of the threshold problem demands experimental situations in which the ob- 


ance anie мы мю рун stimulus energy at all, and by small increases discover 
smallest quantity that the observer can detect, that quantity (the difference fı TO, 
50 to speak) is called the absolute threshold. : 3 ve ал 


server cannot be sure of whether he really detects the object he is searching 
for.* 

For these reasons, the threshold is not a simple fixed value; it varies over 
a range of measures, in part because of the varying motivation, attitudes and 
expectations of the observers. Therefore, more complicated and sophisticated 
procedures are needed to remove these errors or to allow us to estimate their 
magnitude, and to decide somewhat arbitrarily on the value of each psycho- 
physical measure. Traditionally, the difference threshold or JND is taken to be 
the physical stimulus difference between standard and variable that will be 
detected 50 per cent of the time, that is, the difference that is just as likely 
as not to be discriminated. These thresholds were used to compile the list 
of stimulus changes that our senses can detect. In addition, however, the 
thresholds were also used for another and quite different purpose, which we 
shall consider very briefly. 


Psychophysical Laws and Scales 


Suppose that we have 
found the difference threshold at a weight of 100 grams to be 2 grams; that is, 
with the standard — 100 gm., the JND = 2 gm. We might at first assume 
that this implies that we can observe as being different any two weights that 
differ by more than 2 grams. This is not true, however, since the JND changes 
as we change the standard. Thus, for a standard of 150 grams, the variable 
would have to be 153 grams to appear just noticeably heavier, and for a 
Standard = 250 gm., the JND = 5 gm. As these results suggest, although the 
JND is not a constant, the ratio of JND/standard is. This law was discovered 
by E. Н. Weber in 1830, and the Weber fraction, JND/standard, is a con- 
Stànt over moderate values of the standard, for a wide variety of stimulation. 
When, in this example, the variable of 102 grams is compared with the 
Standard of 100 grams, the variable appears different from the standard in a 
Particular way: It is heavier, and a stimulus of 104 grams will seem eer 
than 102 grams; as the weight of the object increases, the sensation of v 
Ness increases, Similarly in other senses: As the light-energy increases, T e 
light appears brighter; as the sound-pressure waves carry more energy к е 
far, the sound gets louder. Here, then, is опе way in which sensations c zs 
as the stimulating physical energy changes. The magnitude of the T ion 
Increases when the stimulus energy increases. How are the two kinds of in- 
Crease related? Does doubling the weight in grams result in double the sensa- 


*In recent years motivation and expectation have been deliberately "€ egies Be 
Study the problem of how people make difficult decisions—a far cry ош i que en 
Simple goals for which thresholds were measured. Thus, with rewards o E d 5é for 
correct report of a signal, and 5% for each report of its absence, and л ius hanged 
Sach error, the number of false alarms will rise, even though the stimulus is rt Y бун 
In апу Way. On the other hand, we can keep both the stimulus and the system 0! ders 
and punishments (called the payoff function) constant, and merely change S Е 
Of catch trials—trials on which there really is no difference to Бе detected. та E een 
the Observer's expectations about how frequently he should be noticing a ed 


a > * ld 
gain the threshold will change. For a lucid introduction to this new M UE 
Schnique, see Е, Galanter, Contemporary psychophysics. In R. pude Holt Rinehart & 
555, and G, Mandler, New directions in psychology. New York: " 
Inston, 1962, 
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tion of heaviness? In order to answer that question, we would need а meas- 
uring scale of units of heaviness with which we could tell whether doubling 
the number of grams of weight, as a physical measure, is observed as doubling 
the number of those units of heaviness, as a sensation. But how can we con- 
struct scales with which to measure sensations? Gustav Theodor Fechner, a 
physicist and the originator of most of the psychophysical methods, proposed 
in 1860 that each JND measures an equal increment in sensation and, there- 
fore, that a physical increase of, say, 10 JND’s is observed as twice the in- 
crease as one of 5 JND’s. Taking Weber’s law into account (by a mathematical 
transformation which need not concern us here), this would imply 


S— ClogM 


where S — the magnitude of the sensation, M — the physical measure of the 
stimulus, and C is a constant for a particular sense modality.* Many psychol- 
ogists however, do not believe that it means anything to talk of “scales of 
sensation" in this way, and that the only reliable observation that one can 
make in sensory psychophysics is whether one stimulus appears the same as, 
or different from, another. 

Regardless of whether we agree that within each sensory modality there 
are scales of intensity or magnitude of sensation that can be measured by the 
psvchophysical methods, there is no question that the methods of sensory 
psychophysics have produced an immense amount of reliable and precise in- 
formation about the different kinds of Observation that we make in response 
to different kinds and degrees of physical stimulation. In Chapter 3, we shall 
survey psychologists’ efforts to analyze the perceived world of objects by 
psychophysical measures; in a later chapter, we shall examine the attempt 
to re-assemble these piecemeal observations and JND's into the world we 
observe. In both of these enterprises, much use has been made of the second 


class of method, that of analytic introspection, to supplement the procedures of 
Sensory psychophysics. 


ANALYTIC INTROSPECTION 
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The world we face outside of 
urse, a simple pure physical even А 


sensation is proportional to the log of the stimulus 
pecially among illumination and acoustical engineers), 
ranging survey of various Sensory qualities by S. S. Stevens 
Somewhat diíferent relationship. His observers are asked to 
d of different stimuli of varying amounts of physical 
energy, igni: i 3 Е 


А unction—say, S = Mc than to Fechner's logarithmic 
function, The question is still at issue. ' x 


IO 


E 
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Figure 2-1. The two different procedures intended to discover "sensations": an analogy. 
(A) Sensory psychophysics, which involves observing a single physical event in 
isolation—for instance, the single patch marked x, y. (B) Analytic introspection. 
which is а matter of trying to observe the simple component parts (such as xi, 
Yi) of a complex event. An example of this is given in Figure 2-2. 


Xn Yr 


To get some idea of the sense in which this was thought to work, first 
examine Figure 2-1B. Then look at the cube in Figure 2-2; you normally 
see it as a light, evenly colored tridimensional object with perpendicular 
corners and parallel sides. With some effort, however, you can “take it apart" 
into patches of different lightness, converging edges, and so on. This is a 
simple form of analytical introspection, in which you have disregarded fne 
"meaning" of the. pattern of light and shade. The analytic task is far more 


Figure 2-2. Applying analytic introspection to a somple object. To casual observa- 
tion, the stimulus at (A) appears to be a light-colored cube; that is, it appears 
to have corners that are right angles, and a surface that is fairly uniformly light 
оп all of its faces. As soon as the point is mentioned, however, you notice that 
(A) is nothing of the sort. With more careful dissection of the observation, you 
See that, as at (B) and (C), the angles are very far from being 90°, and the local 
color grades from dark to light in a very marked manner. This is a particularly 
easy kind of analytic introspection to undertake since, after all, angle (B) 
really is an acute angle drawn on paper, and the gradation of ink from one 
Point to the next is quite evident. If you punch three holes in a piece of paper 
with a pencil point, as shown in (D), and place these holes on (A) so that 
different regions can be observed in relative isolation, as in (E), you will have 
Performed a primitive form of sensory psychophysics. It was once thought that, 
with suitable training, one could observe the same “pure sensations” both by 
means of sensory psychophysics and by analytic introspection. We now know 
that this is simply not true, as we shall see in Chapter 4. 


A—Distal object: B—Proximal stimulation which reaches 
а doorbell 


difficult with a real object, such as a box or a table; there, you will need to 
look at the various parts through a tube or through a hole in a piece of card- 
board (as in Figure 2-2D), if you wish to detect the actual change in local 
color from one region to the next. 

Psychologists who considered that all the things we perceive in the world 
are revealed by careful analytic introspection to be structures or collections 
of elementary sensations, were called séructuralists. The central structuralist 
assumption was this: that, with careful analytic introspection, the same 
“pure” sensations could be observed whenever the same stimulus energy falls 
on the same part of the same sensory organ. We shall consider some examples 
of this in a moment, In accordance with this assumption, the myriad of varied 
objects and events in the world we can observe were thought to be composed 
of just such elementary sensations in various combinations. In order to un- 
derstand how we are able to perceive the world, therefore, we would have to 
understand how we observe the elementary sensations. 


Figure 2-3. A brief outline of the sequence of physical events, essential to perception. 
(A) A distal stimulus object is present (in this case a doorbell), (B) Proximal 
stimulation reaches the sense organs: 1, light energy; 2, pressure waves in the air 
(“sound waves”); 3, pressure on the fingertip. (C) The sense organs function to 
convert proximal stimulation into nerve impulses: 4, eye; 5, ear; 6, tactual 
receptors in fingertip. (D) The sensory nerves transmit impulses to the brain. 
(E) The sensory projection areas, where the nerve impulses that originate in the 
sense organs enter the cerebral cortex (or outer layer) of the brain. Stimulating 
region 10 causes visual experiences; 11, sounds; 12, touch. 


D—Nerve impulses 
proceed from 


receptors to 
the sense organs (I, 2, 3) brain (7, 8, 9) 


E—Sensory projection 
areas for sight, 
hearing, and touch 
in the cerebral 
cortex (10, 11, 12) 


pui ) \ 7 
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2 / 
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Figure 2-4. How any pat- 
tern of proximal stimula- 
tion at the eye can be ana- 
lyzed into simple, elementary 
physical events. Any distal 
object can be duplicated by 
presenting the appropriate 
proximal stimulation at 
each sense organ. For each 
Sense, moreover, we can 
analyze any complex stim- 
ulus distribution into sim- 
pler physical events. Thus, 
the proximal distribution 
(C) which is produced at 
the observer's eye by the 
singer (A) can also be ap- 
Proximated by a TV pic- 
ture (B). That is, the pat- 
tern of light-energy which 
reaches the eye (C) can be 
completely analyzed by a 
system which breaks it 
down into differences of 
intensity at different points 
in space (we temporarily 
ignore "color"). This is il- 
lustrated if we examine 
closely some portion of the 
TV picture (D): at x = 
2, у = 3, we have a dark 
batch (low intensity); at x = 3, у = 1, we have a light patch (high intensity); 
and, if we hold the paper at arm's length, we see that it all “adds up to” the 
Singer's eye. This same principle is used in any newspaper or magazine photo- 
8raph, in which, if you look closely, you will see that all forms and shades are 
built up out of dots of ink of different size and spacing. Other methods of analy- 
Sis of the stimulation at the eye are equally possible (see pp. 74, 80), but this method 
will always work, 


THE PHYSICAL AND PHYSIOLOGICAL BASES OF OUR SENSATIONS 


Structuralists held that each individual sensation is a result of a definite 
Sequence of events, a sequence that could be interfered with at any of several 
Stages (see Figure 2-3), starting, of course, with the physical object. 


Distal Objects and Proximal Stimulation 


What matters to us in the 

World is objects and their properties, but our major sensory systems are not 
directly in contact with these objects at all. Therefore, psychologists call them 
distal stimuli, indicating that they only stimulate our nervous system in- 
directly, by reflecting light-energy, sound-energy, and so on, which may or 
may not even reach our sense organs. The energy patterns that do reach and 
affect our sense organs are called the proximal stimuli (Figure 2-4). We can 
only know about the distal physical world—the world of space and objects 
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and motion—through these proximal stimulus distributions, acting on our 
sense organs. If this pattern of proximal stimulation. is interfered with, o 
object will be observed; conversely, if the proper proximal wc arm : 
presented, the object will be observed, even if it is really absent (see уа 

2-3, 2-4). In order to know what proximal distribution will be create by 
any given distal stimulus object, we need only apply some simple physics 
(this will be explained in Figure 3-3). 


The Elementary Physical Variables. For any given sense modality there is 
an immense number of proximal stimuli that we may receive. Yet they can 
all be reduced to, or reproduced by, a much smaller number of elementary 
physical variables. Thus, all the events you can see on a TV screen, are re- 
produced by spots of different brightnesses, at various points on the picture 
tube (Figure 2-4). р р 

Having analyzed the world of stimulation into elementary physical vari- 
ables, we must explain how these are translated into nerve action, and then 
how they are related to the sensations we experience. 


Specific Nerve Energies and Projection Areas 


For each elementary phys- 
eceptor neuron. A receptor 
particular kind of physical 
the eye which are set into 
ch respond to pressure, etc. 
ating energy, it “fires” and 
S system, which lead to a 
brain (Figure 2-3E), and from there to the 


ical variable, structuralists hoped to find a class of r 
-:euron is a unit of the nervous System sensitive to a 
energy.* Thus, there are receptors at the back of 
action by light, there are receptors in the skin whi 
Whenever a receptor neuron is excited by stimul 
stimulates other neurons deeper in the nervou 
Special projection area on the 
surrounding association areas. 


Therefore, even when a proximal stimulus is present, if the receptors are 
prevented from responding to it (say, by anesthetization, or by fatigue), no 
sensation will occur. And vice versa: Even if no stimuli are present, if we can 
manage to fire the receptors by other means (or if we can obtain a set of 


excitations at the appropriate projection area in any other way), the sensa- 
tion will occur, 


If it were possible to hook up the receptor organs from your ear to the 
projection areas fri 


А 9m your eye, and vice versa, you would presumably hear 
light and see sound. More modestly, 


phosphenes of fai 


› and this excitation, when transmitted to 
the sensation of light. (Meanwhile in 
€ the nerves in the finger and in the 
pressure-touch.) Thus, if the proximal 


he sensory nerves by other means—by 
Ы Тһе excitation of such а receptor neuron is called its specific nerve energy because it 
d differently from all Others; now we know 


The that it is not a questio action, but rather a question of where the 


МИЙ impulse from the rece 
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electrical or mechanical means, for instance. Similarly, light will be observed if 
the sensory cortex is itself directly stimulated. 

In short, we do not see objects directly, nor do wc "see" the retinal image, 
nor do we “see” the excitation in the optic nerve. At most, we can say that 
what we “see” is the final effect on the projection area of the cerebral cortex. 


"Inside," "Outside," and "Upside Down." The eye is not like a camera. 
This is an important point. Remember: The distal stimulus is an object—a 
songstress, a house, a cloud. This is what we observe. The proximal stimulation 
is a pattern of high-intensity and low-intensity light-energy at the eye, or a 
set of atmospheric pressure-waves at the ear, and so on. The nerve activities 
are still less like the songstress or the house. Rather, they are complicated elec- 
trochemical events that can be detectéd by suitable instruments. The common- 
sense view of the perceptual process is that somehow the outside object gets 
inside, and then our minds can examine it. The analogy that the eye is just 
like a camera, and that our minds examine the upside-down images of the 
objects on our retinas (or on the sensory projection areas), is only slightly 
more sophisticated, and equally incorrect. 

In fact, there is only one odject, the songstress, whom we look at and listen 
to. There is no replica of the object in the brain. Rather, there are character- 
istic neural processes set up, in the brain, processes that are specific to the 
songstress, that are different for the house and for the cloud, and that enable 
us to make different observations about the world. 


SUMMARY 

Structuralists thought that 
for each detectable elementary physical event a specialized receptor neuron 
(or specific nerve energy) responding to the event could be found and that a 
corresponding elementary observation (or sensation) would be experienced. 
Just as we can reduce all possible patterns of proximal stimulation to various 
combinations of different elementary physical variables, se they hoped to 
analyze observations into combinations of elementary sensations corresponding 
to those variables. 

^. А slightly changed version of Figure 1-2A appears in Fig. 4-28C3, p. 70. Is the young 


lady readily observable? : 
в. The word “concealed” in Figure 1-2B is word. 
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Sensations: The Perception 


of Elementary 
Physical Events 


The observations of simple 
physical events are convenient to study because we can 
vary and measure the stimuli with ease and precision. 
They also are important because one might hope to build 
up directly from these Sensations to an understanding of 
more complex objects and events. Certainly if the hope 
were fulfilled, the Study of perception would be simplified. 
In any case, most of our knowledge about our sensory sys- 
tems was gained in the Process of studying such simple 
physical stimuli. 

In this chapter, we shall analyze one Sensory system— 
vision—in some detail, considering the other senses only 
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Figure 3-1. The eye and its major parts (side viow). The lens, a transparent tissue, 
focuses light rays, which enter the cornea, to form an image on the retina. The 
iris is a diaphragm of pigmented tissue controlling the size of the pupil, thereby 
regulating the over-all amount of light reaching the retina and compensating for 
illumination changes. The retina is composed of a layer of receptor cells (rods and 
cones), which are neurons that are sensitive to light and to changes of light, and a А 
layer of bipolar and ganglion cells. These latter cells are not themselves sensitive 
to light but are stimulated by interconnected groups of receptor cells. The fovea 
is a small region, central in the retina, that is highly sensitive to detail and consists 
entirely of cones. The optic nerve is the bundle of nerve fibers from the retina of 
the eye to the projection area in the cortex (via a relay center called the thalamus); 
it leaves the eye at the blind spot, а small region which has no receptors sensitive 
Lo light. 


as they happen to contribute to the perception of the world of objects and 
events in space. 


THE VISUAL SENSE: STRUCTURE 


The visual system has several parts, of which the eye is only one. The 
Structure of the eye is outlined in Figure 3-1. Within the eye, the retina is 
the site of visual contact between the world and the nervous system, since 
that is where light-energy of the optic array is transformed into neural activity. 
The retinal system includes rods, cones, and connective cells. А 

The rods, which predominate in the periphery of the retina, are very sensi- 
tive to light energy and, therefore, are responsible for night vision. They are 
color blind in the sense that there are no subsets of rods that are specially 
responsive to one set of wave lengths rather than another. Rods connect to 
the optic nerve through intertwined connective cells (Figure 3-1), called 
bipolar and ganglion cells, which send nerve impulses to the brain from groups 
of stimulated rods. 
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The cones, of which the fovea 
is composed exclusively, also pre- 
dominate in different zones in the 
test of the central retina. The 
cones are responsible for color 
vision, since they are not all 
equally stimulated by the same 
wavelengths. Aside from the eye, 


important related structures are as 
follows: 


1. The visual projection area in. 


the brain, to which come the 
neural impulses from the retina, 
Preserving the general spatial re- 
lationships. The visual projection 
area is not simply a copy of the 
optic retina, however. The nasal 
(inner) halves of each retina send 
their impulses by one pathway, the 


a 


J: 
Left object ^" Right object 


Left eye 


Left half Right half 


Cortex (rear) 


Figure 3-2. Optic pathways. The outer 
halves of each retina are connected to 
the same sides о] the brain; the inner 
halves, to opposite sides of the brain. 
Note that an object at right affects the 
left side of the brain, and vice versa. 


tents of the two halves are put together again. 


visual asso- 
; it becomes very difficult to trace the effects of 
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Figure 3-3. The geometry of vision. To discover what proximal pattern will be 
produced by any distal object, simple geometry will suffice. Objects (1) and (1') 
subtend the same visual angle (0,), so they project the same optic array and the 
same retinal images (1a and ri). Similarly, objects (2) and (2') produce the same 
visual angle (02), optic array (2a), and retinal image (r:). However, to bring the 
retinal image into sharp focus, the curvature of the lens will have to be different 
for a near object (2') and a far one (2) (that is, the lens will have to accom- 
modate). 


2. Wavelength is the distance between the crest of one wave, aud the crest 
of the next, when we consider the wavelike aspects of light-energy (or electro- 
magnetic radiation). Electromagnetic waves range from 1/1,000,000,000 of a. 
millionth of a meter to 100 million meters in length. Of this immense rangé, 
only the region between (roughly) 400 and 750 millimicrons,* is observable 
by the human eye (Figure 3-4B). If, as Isaac Newton showed in 1666, a beam 
of white-appearing light, such as sunlight, passes through a prism (Figure 
3-5A), it will spread out into rays of different wavelengths (and different 
hues will become visible). This is the spectrum, and light-energy of any de- 


Ee micron is a millionth of a meter (that is about a millionth of a yard); а 
millimicron is one thousandth of a micron. 


Figure 3-4. The spectrum of electromagnetic radiation. (A) The total range of elec- 
tromagnetic radiation. (B) The visible spectrum of light-energy (photic radiation). 


Wave length in meters 


10 10°? (07 10° 10* 10^ ins 
Radio waves 
Infraredrays| Radar Television 
FM Short wave arde 


3 The visible spectrum 
Blue- Yellow- 
green green 
Violet Blue Green Yellow Orange Red 
Ц 1 1 
400 500 600 700 


Wave length in millimicrons 


ers to the degree of predominance of one of the 
n be separated by the prism, 


What do we see when these physical stimulus attributes are varied? 
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will pass only light from three narrow bands of the spectrum—say, 650 (red), 
530 (green), and 460 (blue)—we will a/so see white when we combine these 
three tiny portions of the total spectrum! We have broken down the white light, 
kept only three colored portions of it, and recombined these to form white 
again (Figure 3-74). And, as you might guess, if we сап make white by mixing 
only three wavelengths, we cam match any other color in the spectrum by 
mixing these three colors, in varying proportions.* We can therefore describe 
or specify any hue in terms of the proportions of three standard wavelengths 
(see Figure 3-7B) needed to duplicate it. Although we can experience thou- 
sands of different JND’s of color, we do not have to consider these to be inde- 
pendent observations, each requiring individual description and exploration. 
Instead, we can replace this immense catalog of color observations by a much 
smaller number of elementary color sensations, of which all of the other color 
observations are composed in various combinations. 

Many different triads of wavelengths can duplicate all of the hues. But be- 
cause these three (Figure 3-7) appear to be relatively "pure" colors, it was 
believed for many years that they were the primary colors. According to the 
Young-Helmholtz theory,; there are three kinds of cones in the eye, each 
maximally sensitive to one region of the spectrum (Figure 3-8), and each 
producing a sensation of one of the primary hues. The three colors were red, 
green, and blue, roughly speaking, and all other hues were considered to be 
combinations of these. This theory, which fits the facts of color-matching with 
small patches of light very well, was accepted as the explanation of colur 
vision for many years, despite the fact that these wavelengths don't appear 
really pure (see Figure 3-10), and despite several other difficulties. 

For example, we can observe spots of yellow in zones of the retina where 
we cannot observe red and green; color deficient observers may be “blind” to 
red and green, yet not to yellow; and, perhaps most strongly, it seems very 
hard to accept yellow as being anything but a pure sensation: Violet does look 
like red and blue, and aqua looks like blue and green, but yellow simply 
doesn't look like a greenish red. 

In fact, if we pay attention to the apparent similarities and differences 
between hues, as summarized in Figure 3-9, it seems much more appropriate 
to look for four primary hues, rather than the three primaries shown in Figure 
3-8. This is exemplified by the opponent-colors theory, proposed in 1955 by 
Psychologists L. Hurvich and D. Jameson, and based on an earlier theory 
(1872) of physiologist Ewald Hering. It assumes that there are four basic 

ues (and their corresponding receptor-processes) paired in two sets as ex- 
plained in Figure 3-10B: a yellow-blue pair and a red-green pair. These two 
Pairs, and a black-white pair, will account neatly for the facts of color mix- 
ture, for most color vision defects, and for the appearances of "purity," 
"similarity," and “dissimilarity” among the hues of the color circle (Figure 
3-9). This proposal seems more satisfactory at present than the three-color 
theory, although the issue is still open. 


* In fact, we can make some colors that are not in the spectrum at all: The red in 
the spectrum always looks a little yellowish unless we add some blue; the color purple is 


completely missing from the spectrum. "D T 
f Proposed by Thomas Young in 1845 and developed in its widely accepted form by 


Hermann von Helmholtz 20 years later. 
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THE ELEMENTS OF POSITION: ACUITY AND LOCAL SIGN 


So far, we have been considering the different colors of a single patch of 
light; in addition, patches may differ in their location in the optic array, and, 
if we could not distinguish one place from another, we could make little use of 
our eyes other than to tell night from day. We shall break this problem into 
two parts: acuity, or the ability to detect a separation between two points; 
and local sign, or direction-sensitivity. 


The Importance, Measures, and Conditions of Acuity - 
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In order for us to tell one 
object, one facial expression, or one letter from another, some specific, differ- 
ent receptor activities must be stimulated. We might, conceivably, have re- 
ceptors sensitive to smiles vs. frowns, a’s vs. b's, circles vs. squares. This is both 
unlikely and uneconomical, however. Let's see what the most economical 
arrangement would be like. 

What is the simplest system that could make all these discriminations? 
A mosaic of retinal receptors, as in Figure 3-11, each element of which sends 


, Figure 3-5. The independence of wavelengths and the integration of hues. (A) A 
beam of white-appearing light-energy will spread out into a spectrum whose 
appearance varies from violet at the short-wavelength end to red at the long- 
wavelength end. If we select two narrow beams of light from this spectrum by 
placing two slits in a solid plate, as shown at (B), those beams can be recombined 
to fall on a single spot, and the hues will then “mix” into a new hue; thus, a red- 
appearing beam and a green-appearing beam produce a yellow-appearing spot. 
The wavelengths of light-energy themselves do not mix, however, since the com- 
bined beam can be redivided by passing it through a prism (C) into the two 
original beams, whereas a yellow-appearing beam taken from the spectrum at 
(B) would pass unchanged through a second prism. 


Figure 3-6. The distinguishable sensations of color. Patches of color may differ 
from each other in brightness (A), hue (B), and saturation (C), which is the 
dimension that runs jrom gray (or "colorless") to fully colored. About 350,000 
JND'’s can be distinguished. 


Figure 3-7. The facts of trichromatic color mixture. Three beams of light taken 
from different regions of the spectrum will, when mixed in the proper proportions, 
produce the hues of the entire spectrum, including white. At (A), we see how 
they will combine to form white. At (В), we see the proportions of each of 
reddish-, greenish-, and bluish-appearing light-energy needed to match the appear- 
ance of any point on the spectrum, which is laid out on the horizontal axis. Thus, 
to match 580 millimicrons (yellow light), take about equal parts о) 650 and 530 
(reddish and greenish light, respectively). Note that you can’t tell simply by looking 
at the curve in this diagram what perceived hue will be produced by each mixture 
(that is, 580 is yellow, not a reddish-green); rather, you have to look down at 
the labels on the horizontal axis to find out. 
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Figure 3-8. The Young-Helmholiz theory of color sensitivity. The simplest way in 
which to account for the color-mixture facts outlined in Figure 3-7 is to assume 
that there are three different kinds of receptors: cones maximally sensitive to 
650 millimicrons, which when stimulated alone produce the sensation of red; 
cones maximally sensitive to 530 millimicrons (“green”); and cones: maximally 
sensitive to 460 millimicrons ("blue"). 


Figure 3-9. The color circle: complementaries, adaptation, and afterimages. (A) 
Without referring to wavelengths at all, we can summarize color phenomena as 
follows. There are four unique hues (red, yellow, green, and blue) that do not 
resemble one another; equal quantities of complementaries (hues that are on 
opposite sides of the circle) yield gray when they are mixed; unequal proportions 
of complementaries yield the color of the predominant component, but with a 
lower saturation. (B) If you stare at any colored patch—say, the appie in (B)— 
for some time, adaptation, or fatigue, will occur, and the color will become 
gradually less saturated. Next, look at an illuminated surface of neutral color 
(as in Х). An after-image of the first patch will be seen, but it will be of com- 
plementary color. 


Figure 3-10. The opponent-colors theory ( Hurvich and Jameson). Assume that all hue 
Sensations are produced by two pairs of receptors, one pair (r/g) producing either 
red or green sensation and a second pair (y/b) producing either yellow or blue. 
The two members in each pair are opponents: We cannot experience a yellowish 
blue or a reddish green. If both members of a single pair are equally stimulated, 
they cancel each other, leaving only gray; if one member is stimulated more than 
its opponent, its hue will be seen. Thus, the spectrum at 450 mp stimulates both 
Pairs of receptors and looks reddish blue (violet), while 580 my stimulates only 
the y/b pair and looks yellow (A). All the hues that we can see are therefore 
either reddish yellows, reddish blues, greenish yellows, or greenish blues, and in 
order to predict exactly what hue will be seen with any given mixture of light, 
We must know the sensitivity of cach receptor pair to the wavelengths of the 
Spectrum. 

How can the sensitivity curves of these receptor pairs be determined? The 
amount of the blue response at 450 m is measured by adding just enough light 
that is pure yellow in appearance (about 580 mu) to cancel the blue. Similarly, 
the amount of yellow response at each wavelength in the yellowish regions of 

€ spectrum is measured by adding just enough pure blue to cancel the yellow; 
Pure red is used to measure the green response in the greenish regions of the 
SPectrum, and pure green, to measure the red response. 

The graph at B shows the amount of yellow or blue response and of red or 
Breen response that is produced at each wavelength, measured in this manner. 
Unlike the Young-Helmholts sensitivity curves (in Figure 3-8), this graph tells 
us what hue will be seen at any given wavelength. Thus, at point (4), red plus 
yellow = yellowish Ted (that is, orange); at point (1) (475 mp), r/g = 0, 
leaving pure blue; at (2) (500 ти), y/b = 0, leaving pure green; at (3) (580 
mu), r/g = 0 again, leaving pure yellow. Notice that yellow is present throughout 
the long wavelengths, (5). This is why a “тей” of 650 and а “green” of 530 mix 
to give yellow: because light at 650 mp stimulates both red and yellow responses, 
light at 530 mu stimulates both green and yellow responses, and only the yellow 
Temains after the red and green cancel eack other (not because yellow is composed 
Of red and green sensations, as the Young-Helmholtz theory asserts). 
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Figure 3-11. The mosaic model of acuity. (A) Unless the gap in the letter C is 
large enough to leave one receptor, x, unstimulated, the C should be indistinguish- 
able from an О. (B) Similarly, only if an intervening receptor remains un- 
stimulated, would we expect two points to be distinguishable from one (after 
Asher). 


Figure 3-12. Diagnostic tests of visual acuity. These are usually eye charts—for 
example, letters, as in the Snellen chart, or E’s facing in different directions—™ 
which a subject must see a gap between parts of the figure in order to respon 

correctly. (A) Normal vision. (B) Myopia: Near objects are focused readily; 
concave lenses needed for far objects. (С) Hypermetropia: Far objects are focused 
readily; convex lenses needed for near objects (reading). (D) Presbyopia: Loss of 
ability to focus near objects as age increases (see table). 


Д 
Normal eye і Арреагапсе 
H of image 


Range of vision: Я Е 
x" to infinity Nearsighted (myopic) 


a single message to some separate place in the brain, would do. How could 
Such a system distinguish the letter C from an O, for example? By the fact 
that the gap in the C leaves one receptor unstimulated. If in A the gap in the 
letter *C" were too small, we would see a circle instead; if the dots at B were 
too close, we would see a single point. The ability to distinguish such fine 
Separation is called acuity. It is essentially a JND of separation, and it has 
two general measures, diagnostic and research. 


Diagnostic Tests. The lens of the eye changes shape, or accommodates, 
in order to bring objects at different distances to the same focus on the retina 
(this was shown in Figure 3-3). More than 25 per cent of the population are 
unable to focus equally well at all distances (see Figure 3-12). Since such 
defects are usually correctable, standardized acuity tests have been devised. 
Either the size of the gap which must be detected is varied from one line to 
the next on the chart, or the size of the retinal image is varied by having the 
subject approach until he can just make it out.* 


Research Measure: Visual Angle. For most scientific and technical pur- 
poses, the visual angle subtended at the eye is used to measure the size of a 


proximal stimulus because, regardless of distance, the retinal image's size, 


remains constant for a given visual angle (see Figure 3-3). In general, a 
Separation between two points that subtends an angle of at least 1/60th of a 
degree at the eye will be detected as a separation. 


The Distribution of Acuity over the Retina. Only in the foveal region of the 
retinal image can details be made out. As we depart from the central fovea, 
visual acuity deteriorates alarmingly; by 5°, it has dropped 50 per cent (Fig- 
Ure 3-13B). Moreover, the eye is completely blind where the optic nerve 
leaves the eye (see Figures 3-1 and 3-14). 
hy have you never noticed it before? А 

Firstly, we do not see the blind spot because what the blind spot in 
Опе eye misses, the other eye picks up. Secondly, there is no black spot 
in the world that we can observe, even with one eye alone: Things tend 
to complete themselves, when interrupted by the blind spot (Figure 3-14), 
and a line that falls across that spot is not seen as any shorter than when it 
falls elsewhere. Such filling-in processes are quite general in perception, but 
Only a bare beginning has been made at research into this quite fascinating 
Phenomenon. Most importantly, the blind spot is far from the fovea, and we 
Normally scan the world around us by probing around with our sensitive 
foveas, much as you might cast about with a flashlight in the dark. Normal 


Vision is not stationary vision. 


* Thus, by the first measure, if the average person can read the fourth line at 20 feet, 
and so can you, your acuity is a normal 20/20; by the second procedure, the number of 
feet from which you can read what the normal person can read at 20 feet is the measure 
of your acuity, and the higher the score, the greater the acuity. Acuity defects аш 
in the effect of distance (see Figure 3-12) so that vision tests should fit the tasks for w] 
People are being selected. 
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Acuity at fovea 
Blind spot 


Temporal 


A Acuity measures taken around the perimeter 


B 1.0 
е 

0.8 
Figure 3-13. The surpris- 
0.5 ing narrowness of Ње то" 
| mentary gaze. (А) А 
5 perimetry experiment to 
04 measure acuity at various 
distances from the fovea. 
0.2 The observer is looking 
straight at the fixation 
point (F). Note the wider 
separation needed to de- 


0 60° 40° 209 0° 209 40° 60° tect the separation be- 
tween the test dots at the 
Nasal Blind Fovea Temporal sides. (B) The percentages 
spot of acuity at different dis- 

tances from the fovea. 


Relative visual acui 


Figure 3-14. The blind spot. Close your left eye and fixate the X with your right 
eye. Adjust your distance from the page until the white disc at right disappears 
on the blind-spot oj your eye. See Figure 3-13A for further details. Is there a" 
evident interruption of the checkerboard pattern when the white disc disappears? 


Local Sign: Perceivi; 
It is not enough to be able utt diia a 
to detect whether two patches are separated in space; we have to 3 
where they are in relationship to each other if our perceptual SEE aon 
to rebuild our perceived world out of these bits and pieces into SHOE 
psychologists and physiologists have been analyzing it. 

Consider points 4, B, and C, below. Do we simply see three separated 


С. 
А В D 


points or are В and С in different directions from the center, А? A fourth 
point, D, is not simply one more point. It is in line with 4 and B, and the 
four points constitute a distinct spatial pattern, or shape. Each point seems 
to carry some sensation of location—a local sign—in addition to sensations of 
color. For a long time, it was thought that no local signs exist at birth, but 
that they are supplied by eye-movements, and that the brain registers that 
one has to move the eye down from C to A, and to the right, from A to D. 
However, because of the ability to discern shapes with exposures too short 
for any eye-movements to be made (less than 0.2 seconds), this hypothesis 
has been discarded. 

This is not to say, however, that eye-movements do not contribute to the 
observation of where things are located. As we shall now see, eye-movements 


are overwhelmingly important to this ability. 


For a stationary eye and a stationary observer, the position of any point 
Out in space is simply projected to some point on the retina and on the cortex 
(Figure 2-3 and 3-1). Given the position of the point on the retina, we know 
Its direction in space. | 28 

This stationary case is not at all usual, however. The observer's body is in 
almost constant motion in the world, his head is in motion on his trunk, and 
his eyes are in motion in his head. Two kinds of eye movement are essential 
for the perception of moving objects by moving observers in a three-dimen- 
Sional world, Compensatory movements permit the eye to fix some target while 
the body moves (Figure 3-15A), and pursuit movements swing the eyes 
Smoothly to obtain clear foveal images from moving objects. Further, 
accommodation and convergence bring the object to which we are attending 
into clear focus and central location on the retina (Figure 3-15B). Normal 
Vision would be quite impossible without the cooperation of all of these 
Muscular actions, and they must all be taken into account in some fashion 
order to assign any spatial meaning to a given stimulation of the retina. 
In order to know where the distal object is in space we have to know how 
Our eye has been moved. Only then could we interpret the image on the 
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Figure 3-15. Compensatory movements, accommodation, and convergence. Ар 
pensatory motions are smoothly and precisely executed. Fixate pude чай 
straight ahead (1); keeping your gaze fixed on (P), rotate your hea н d 
to side. Do your eyes seem to be moving? The drawing shows the closely a 
ordinated motions this task actually demands. If you repeat this action, but r 
your head vertically as you shake it from side to side and also move your ЛҮ 
a little (in addition, the fixation point may be moving in space!), you wil 8 " 
be able to maintain fixation accurately and effortlessly—but we couldn't Ho 
to draw the kinds of complex compensatory movements needed to do vie, 
(B) Accommodation and convergence are used in fixating points at e in 
distances. As а point to which ше are attending approaches the eyes wem Hy 
(F) to near, (N), the shape of the lens changes (1 to 3) to keep the focus m 
on the retina (2). This is accommodation. Coordinated with this, the angle 


T Á is is 
tween the eyes changes, to bring the point on to the fovea of each eye. Thi 
convergence. 


retina (Figure 3-16). Consider this example. Move your eye smoothly 
point 4 to point B below; the page remains stationary. If, however, У 


A. B. 


produce the same change in retinal image by fixating point B and then et 
your eyeball back and forth by pressing at the side of the upper eyelid, 9 
Раве appears to move in space as the retinal image moves across the ey® 


aie : : :na] image 
What is different in the way one and the same motion of the retinal imag 
was obtained in the two situations? 


Unless some form of correction were 


made continually for our unceasing 
€ye-movement, shapes would dissolve int 


a е е 
о kaleidoscopic chaos, since the €y 
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Figure 3-16. The spatia! meaning of a local sign depends on knowing the position 
of the eye itself. The relationship between the movable eye and the fixed brain 
may be illustrated by the analogy of a fixed TV receiver on which is displayed 
the image picked up by a moving TV camera. The location of any point in space 
cannot be determined from the location of its image in the receiver alone, since 
it also depends on the position of the camera. We might know the position of 
the camera by receiving information about how it is tilted or raised ( mechanisms 
1, 2), as in (B) and (C). Analogously in the case of the eye, there might be 
sensations from kinesthetic receptors in the eye muscles that tell us which way 
the muscles are pulling the eye. We might also know about the camera's position 
by having the script (3) that the camera is following. In the case of the eye, 
this would mean that the brain would have to keep track of the orders that are 
Sent to the eye muscles. The relative contributions of these sources of information 
is still at issue, and we shall see in Chapter 5 that there are still other means by 
which the motion of the eye might be detected and “taken into account.” 


hes the world without stopping, bringing various points of interest "i 
а otlight of the fovea. There are several ways in which we cou 
ге m ona (ре feedback) about how our eye has been moved, and the 
cares ortance of their contributions is still undecided (Figure 3-16). 
ш: ара good place to stop and survey how much of the perceived world 
we эп now explain—since we have, in fact, obtained all of the necessary 
analytic elements if the simplest structuralist assumptions are correct. 


THE SENSE OF SIGHT: SUMMARY ANO PREVIEW 
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The objects and events of the world we see affect our sensory system Me 
indirectly, through the optic array, or pattern of proximal stimulation, of ie E 
reaching the eye. If we consider a small homogeneous patch of v pipes 
at any point in the optic array, that patch can be completely specified in m ue 
of its wavelength mixture, its intensity, and its position in the array. ( аў 
must be possible in every case; we shall see later, however, that there m: 
be much better ways in which to analyze and discuss the optic array.) th 

With each change in the physical variables of predominant ape i 
wavelength balance, and intensity of such a homogeneous patch of light, 
normal human beings observe changes of hue, saturation, and brightness. ТА 

Thus, for а small patch taken from any scene at all, we can predict E 
sensation (that is, its appearance in isolation) simply from those physical meas 
ures. The intensities of light-energy at, say, 460, 530, and 650 my in LEE 
length, and two spatial coordinates needed to locate the point in two че 
Sions—these five measures, taken together, will permit us to specify or dup P 
cate the appearance of any point. In one sense, our analysis of the process 0 
visual observation is completed. 1d 

If we do stop here, however, almost all our normal observations of the wor 
go unexplained. How does a near object differ from a far one? How does а 
smile differ from a frown? How do we perceive the infinite variety of nature 
and the subtleties of our civilized surroundings? 

In short, how can we put together the world of perceived things and people 


out of the observations of spots and patches, which is all we have studied ир 
to this point? 


The first solution 
ext chapter) was si 
admitted, for certain 
The perception of a n 
of the tactual-kinesth 
convergence needed t. 
frown, in that the 1 


mpt to put the pieces together. In- 
hes in a two-dimensional plane, an' 


у 1 s ne sensory system, we shall consider the perception 
of solid objects in tridimensional space. 


f individual pate! 
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Perceiving Objects 
as Structures 


of Sensations In some situations the 


findings of sensory psychophysics may be applied directly. 
How much light-energy is needed for a lighthouse beacon 
to be seen from ten miles away on a dark night? How high 
in frequency must a hi-fi set go in order to reproduce 
all the sounds we can hear? 

Most objects are vastly more complicated, however. 
How can we study these? The structuralists’ simple as- 
sumption was, as we have seen, that the sensations (the 
observations of simple, isolated physical stimuli under the 
controlled conditions of sensory psychophysics) are still 


experienced even when the simple physical stimuli are 
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Figure 4-1. The world of 
"raw experience.” The 
landscape scene at (A) can, 
with careful analysis, be 
seen to consist only of 

|| Ч = two-dimensional arrange- 
|| ments of lines: For ex- 

ample, the “road” is 

really only two lines 

which form the angle (А'). 


S What are the "raw ex- 

N periences” produced by 

NS (B) and (C)? See Figure 

\ B М. WY 2-2 for another example. 

S ^ C Now, look up from the 

S N \ N page and, with one eye 
AW “ М closed and your jo 
N S Stationary, inspect € 

NIL в Э“ room in front of you. With 


some effort, you will be 
able to see the room as a flat, disjointed arrangement of light, shade, and colors. 
To the extent that you are successful, you will have succeeded in taking the first 
step in the procedures of analytical introspection. This analytical procedure can 
be applied to your other senses as well. Consider a completely familiar word— 
say, “mother.” It carries a host of meanings, memories, attitudes, and feelings. 
Now, repeat it aloud several times, while trying to listen to the sounds alone. 
With some effort and repetition, you may be able to hear those sounds without 
meaning—as though they were in some unknown language. 


embedded in more complex stimuli, and that they can then be studied by the 
careful kind of observation called analytic introspection. 


STRUCTURALIST CONCEPTS AND METHODS 


In some cases, analytic introspection of the world around us does indeed 
appear to reveal the component sensations—if we dissect our observations 
carefully enough (see Figure 4-1). Observers had to be trained to separate 
their “raw sensations” from their knowledge and memories about what the 
stimulus object is really like. 

The justification of this method depends, of course, upon the success with 
which one can in this way really uncover true elements, which presumably 
are the same for all men: * otherwise, the method is fruitless. 


Perceptions: Sensations plus Memory Images 


j j Inline with what we have 
Just said, the structuralists thought the world of perception is composed of 
two kinds of elements: 


* This method excludes most observers, We cannot study the insane, those too young 
to cooperate, or animals, Would this limit psychology too strenuously? Not by the terms 
of the structuralist assumptions, Since the sensations of all men would be the same, the 


Perceiving observation. After all, there are man; 
Objects Preparation, apparatus and training, and the Structuralists felt that there is no геаѕоп 
as Structures tO expect the psychology of Perception to be an exception, 
of Sensations 
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1. Sensations, which we observe when each individual receptor is stimu- 


lated. 
2. Memory images, which are the recollections of previous sensations. 


Sensations were discussed in Chapter 3. As for memory images, they were 
presumed to be dimmer than, but otherwise similar to, the sensations whose 
"traces," or after-effects, they are (Figure 4-2). How do they occur when there 
are no proximal stimuli present at the sense organs? There is a very old theory 
about this: Zf two sensations occur together a number of times, and if one 
sensation (or memory image) should occur alone, then the memory image 
of the other sensation will also occur.* Thus, if sensations of hammer impact 
and loud noise have occurred frequently together (or lip movements and 
sound of the words, and so on), the sight of the hammer alone will cause the 


bang to be experienced. 
05%) 
~~ 
р 


Figure 4-2. Mistaking "images" for "sensations." Images and sensations seem to 
differ from each other in degree, not in kind, according to an important ex- 
beriment performed in 1910 (and never repeated since). If you were instructed 
to imagine an apple being displayed on a screen, and a real but dim picture were 
actually projected on that screen, as in (A), you would probably not detect the 
picture as being real. Instead, even though (A) would be visible as a picture to 
any bystander, you would mistake it for an imagined apple (B) (Perky). 


Projector 


A 


With these two sets of components, sensations and images, we should be 
able to account for all the things and happenings we can observe, if we knew 
the rules by which the components combine. . . 

What might the structuralist laws of combination be? Most simply, sensa- 
tions might just add together, and the observation of a group of simple stimuli 


* Do not confuse the retinal image, which is the pattern of light-energy on the retina, 
with the memory image, whose existence is considerably more difficult to establish. 
1 This doctrine has at least 200 years of continuous tradition (in fact, statements of 


it appear in the fifth century в.с.), and it appears frequently in textbooks as "scientific 
fact." Yet it stands today without one shred of reliable direct evidence to support it; 


With considerable indirect evidence to circumscribe its validity (p. 61); and аа 
Sheer Weight of inapplicability (pp. 62, 67) that makes its continued promulgation as fact, 


today, incomprehensible. 
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might simply consist of the sum of all the sensations that would have occurred 
if each stimulus had been presented separately, plus the images that have 
been associated with them. We shall call this the addition hypothesis.* 


The Special Importance of Space 


By the structuralist as- 
sumptions, all we see is composed of JND's of light and shade, points or 
patches of color. We have no receptors for “motion,” "approach," “causa- 
tion" ; we have no receptors for "anger," “cuteness,” “sexual attractiveness.” 
How can we perceive these qualities and events? 

We may not have to explain how we perceive each and every possible 
event, however, since all possible events take place in space and time. Once 
we have explained the perception of objects in space, have we not explained 
the perception of all things we can observe? Isn't the perception of an object's 
movement explained if we understand how we see the object at different 
points in space at each moment in time and put the whole sequence of images 
together in our memory? 

The primary problem, then, was to discover how our visual sensations 
combine with the images acquired in our past experiences, in order to construct 
our perceptions of space and spatial position. 


The study of space perception had two early sources (although other rea- 
sons for interest have appeared since then): (1) the practical, technical 
problems of depth representation—that is, how to make man see spatial 
distance where there really isn't any; (2) philosophical questions about 
how (or whether) man can know the physical world. 

The first task is epitomized by Leonardo da Vinci's penetrating analysis of 
spatial representation in the sixteenth century, and many of his observations 
of the world of vision and his prescriptions to artists about how to portray 
it are now listed in our psychology textbooks as the monocular depth cues. 
The second task is represented by Bishop Berkeley’s New Theory of Vision, 
which was written in the eighteenth century to prove a philosophical point 
nfluential psychological 


es have left their marks 
on present problems and prejudices, 


The Portrayal of Depth and Distance: 
The Depth Cues 
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* It is frequently called the “constancy hypothesis” 
» Brace, 1935), because 
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Figure 4-3. The monocular depth cues as prescriptions for painters. (A) Side view 
of scene. The means of portraying tridimensional space on flat canvas were dis- 
covered by tracing the view on a “picture plane” of glass (P) held between the 
eye and the scene. Examining the tracings on the picture plane shows the cues that 
should be employed by the painter; some of these are listed below and are dis- 
played at (B). (B) Front view of scene. (C) A demonstration of the cue of 
illumination (see explanation below). 

List of monocular depth cues: (W) Interposition. Notice that rectangle 4 
interrupts the outline of 5; this is a strong and efective depth cue, but it only indi- 
cates which of the objects is in front, not how much distance there is between 
them. (X) Linear and size perspective. Although lines 7-9, 6-8 are parallel on the 
ground, their tracings converge in the picture plane; similarly, 6-8-9-7 is a 
trapezoid on the picture plane, though it depicts a rectangle on the ground. Fol- 
lowing the same geometry, the same-sized boy (1, 2) and the same-sized rectangles 
(4, 3) produce smaller tracings when they are at greater distances: this is called 
size perspective, or the cue of relative size. Both oj these sets of cues are ej- 
fective. (Y) Familiar size. We know that the man (3), must be physically 
taller than. the boy (1) yet they produce images oj the same size; therefore, 
knowing their true sizes, we might deduce on the basis of their tracing sizes 
(B1, 3) that the man is more distant than the boy. This is a weak or ineffective 
cue (see Figures 5-3 to 5-5). (Z) Illumination direction. Cover the right half 
of the picture in (C): which corner looks nearer, 1 or 2? Now cover the left 
half: which looks nearer, 3 or 4? Uncover both halves. What was responsible 
for the differences between 1 and 2, 3 and 4? 
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about space by the use of one eye alone; the binocular cues depend on the two 
eyes for their use. The principal traditional monocular visual cues are inter- 
position, linear and size perspective, familiar size, the distribution of shadows 
and illumination (see the descriptions in Figure 4-3). What makes them im- 
portant to psychologists? А 


Pictures as Surrogates for Other Distal Objects. First let us see why they 
are important to artists, When an artist wants to draw a recognizable scene— 
say, a landscape—his intention is roughly as follows (although he does not 
phrase it this way): to create a stimulus object to which people will respond 
in much the same way as they would have responded to the countryside itself. 
That is, he intends to produce a surrogate of the countryside. He obviously 
cannot do this in its entirety. He cannot produce a surrogate with real bark, 
real trees, real clouds moving in real distance, so he must abstract only those 
aspects that are necessary to obtain the desired effect yet are reproducible by 
pigment spread on a flat surface of canvas or paper. 

Like the artist's canvas, the retinas of our eyes are essentially flat. It seems 
reasonable now, as it did centuries ago, to believe that those patterns of pig- 
ment on a surface that cause us to perceive depth when we look at a picture 
tell us something about what must fall on the retinas of our eyes if we are to 
perceive distance and solidity when we look at the real objects in the real 
world around us. A number of these clues to what the three-dimensional 
arrangement might be are listed and explained in the caption for Figure 4-3. 
This list is quite traditional. These depth cues have appeared in many texts 
for artists, for opticians, and for psychologists, through the centuries, as the 
Causes of the illusion of space in pictures, and of the perception of space in 
reality. These cues are the patterns that are likely to occur in the picture plane 
(Figure 4-3B) and in the proximal stimulation at the eye when objects are 
viewed from different distances. Thus, each cue, by definition, is a two- 
dimensional picture of some three-dimensional arrangement. Therefore, each 
cue must be ambiguous in the sense that the same retinal image could be 
produced either by a two-dimensional pattern or by some three-dimensional 


although its local sign will fix its observed position in two dimensions, P’, the 
very same point could be stimulated by an object at any distance from the 
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Figure 4-4. The ambiguity of a stationary monocular retinal image. (A) Since the ° 
proximal stimulus pattern for the eye is two-dimensional, an infinite number of 
different tridimensional spatial arrangements will produce the same pattern at 

the eye. (B) If we consider any light-sensitive point on the retina (P'), it would 
respond in exactly the same way whether the distal stimulus is at distance Pi, Ps, 

etc. 

Informativeness and Limitations of Binocular Visual Depth Cues. ` Our two 


eyes view the world from slightly different positions, so that there is in 
general a difference, or disparity, between the images they receive (Figure 
4-5B). Since the binocular disparity our eyes normally receive is a func- 
tion of the spatial arrangements in the world we regard, it is not surprising 
that this disparity in itself can be a powerful depth cue. If we take two 
photographs of a scene, one from the position of each eye (that is, from 
about 65 mm apart), and then present each picture to its appropriate eye, 
a remarkably strong spatial effect will be obtained. Devices for viewing such 
disparate pictures are called stereoscopes. A particularly simple procedure is 
described in Figure 4-5B, which, if followed, will produce depth effects with 
the stereograms of Figure 4-6 (pp. 40-41).* 

The cue of binocular disparity has been considered as a primary indication 
of depth more frequently than any other. Unlike convergence and accomoda- 
tion (pp. 28, 43) it is visual; unlike the other static visual depth cues, 
there seems to be a clear and necessary connection between the spatial dis- 
tance of a point and the stereoscopic disparity between the retinal images of 
the point (Figure 4-7, p. 42). It is not too hard to imagine complex physiologi- 


* Not all observers exhibit such stereoscopic vision, since some imbalance between 
the two eyes may lead to inhibition of the information from one of them. 
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Figure 4-5. The binoculor 
visual depth cues. Because 
the two eyes see the three- 
dimensional world from 
slightly different positions, 
the view each eye receives 
is somewhat different. Dif- 
ferences in these views pro- 
vide two kinds of depth 
cues: double images and 
binocular disparity. Neither 
of these can be produced 
and used in pictures with- 
out special devices, and 
their absence contributes 
to the “flatness” of ordi- 
nary pictures. 

(A) Double images 
Hold a pencil (Pa) ver- 
tically about one foot 
straight ahead, lined up 


Optic array 
at each eye 


with some vertical edge on а more distant wall (Pb). Fixate Pa (as at 1) and 
examine Pb carefully: It appears doubled, and you cannot tell, without closing 
one eye, which contributes which image. When you fixate Pb, double images of 
the pencil (Pa) appear Double images can, with great effort, be observed to fil 
the world as viewed with two eyes, shifting and swirling with each change of 
fixation. Add the confusion of double-images to that caused by eye-movements, 
and Lhe uselessness of the camera analogies (p. 13) becomes most evident. 

(B) Binocular disparity. Each eye receives a different view of any near three- 
dimensional arrangement. At (1) and (1'), a schematic diagram illustrates. the 
basis of the disparity, and at (2) and (2') what you would see with each eye 
separately. ( Remember that the retinal image in each eye is reversed and inverted, 
if you find the diagram conjusing) This depth cue was discovered in 1838 by 
Wheatstone, who also devised the first stereoscope, which is an apparatus for 
presenting the appropriate picture to each eye. A simplified stereoscope is shown 
in (3). 

In the stereograms shown in Figure 4-6 A to F, you can provide each eye with 
the appropriate picture by the following procedure: Place a small mirror on the 
gray center line. As indicated in (3), adjust the mirror until the picture seen in 
the mirror appears to lie in the same plane as does the picture seen directly. Then 
fixate the picture in the mirror, and wait for the stereo effect to develop. Pro- 
ficiency will come quickly. 


cal connections that are sensitive to the degree of disparity between the two 
images produced by a point in space; however, you should be cautioned that 
most theories about the exact nature of the binocular depth cues are still much 
more speculative, and based on more carefully selected evidence, than their 
authoritative tone would suggest. 

The geometry of the retinal disparity of points in space has been subjected 
to a great deal of sophisticated analysis in an attempt to find the correspond- 
ence between perceived space and physical space. Such attempts start with 
the concept of corresponding points, points that would coincide if one retina 
could be slipped over the other (Figure 4-7): If a point in space projects its 
image to corresponding points on the retinas of the two eyes, a single point of 
light will be observed. As we shall see in Chapter 5, however, we can question 
whether such analyses in terms of points are appropriate to the perceptual 
process. In any event, we cannot accept binocularity as the basic depth cue 
upon which all space perception rests, since individuals who cannot use this 
cue at all well, may still show good spatial judgment. In fact, one-eyed in- 
dividuals may display depth-perception at a very early age (see Figure 4-12B). 

Moreover, binocular disparity, like the monocular cues, is also ambiguous, 
since we can receive any set of retinal images in at least two ways—by looking 
at the object, 1, or by looking at the stereogram, 2, in Figure 4-5B. 


The Structuralist Theory of Space Perception 
Having found visual cues 
that might provide information about the spatial locations of objects, we 
may then inquire concerning the physiological mechanisms by which we might 
use these cues. The earliest, easiest, and most persistent argument has been 
that there are no such mechanisms, that our observations of “space” are not А 
visual at all, but consist of the kinesthetic memory images that have become Mies 
as Structures 
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Figure 4-6. Stereograms: three dimensions from two views. Їп (А) each eye receives 
a slightly different view of the two rings at (1). Although neither the left view 
(L) nor the right view (R), as shown at (2), contains any depth cue to indicate 
which ring is nearer, if you present each view to the appropriate eye using the 
stereogram at (3) (in which the right view has been reversed) and the procedure 
that is illustrated in Figure 4-5B3, the correct spatial arrangement will appear after 
а moment's viewing. 

The perception of a single three-dimensional scene is not simply a result of 
adding together the disparate views received by the two eyes. In (B1) no shape 
is recognizable in either view considered separately, nor сап you detect any shape 
by looking for differences between the two views, but when the two patterns are 
viewed as a stereogram, a clearly visible object will appear, floating in space 
(Julesz). Such stereograms are prepared by starting with two identical patterns 
of dots (white) and then displacing an entire region (as shown at 2) in one of the 


Mirror 
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region 


Original pattern Altered pattern = 


| 
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patterns. Since the original pattern is random, the displacement of the region can 
not be detected simply by looking at the altered pattern; however, when the 
original is viewed by one eye and the altered pattern is viewed by the other, the 
displaced region then becomes: visible, showing that the binocular visual system 
is directly sensitive to the differences in the stimulation at the two eyes. This 
sensitivity to binocular disparity is almost certainly innate. What happens when 
we set the cue of binocular disparity in conflict with one of the “secondary” or 
pictorial depth cues? 

The two views at (C1) each contain the depth cue of interposition or overlap 
(see p. 35), which is in agreement with the cue of binocular disparity, as you 
will see if you view stereogram (2). When the two views are changed so that the 
left eye obtains the R view and vice versa, as in the pseudoscopic pair at (3), 
binocular disparity and interposition are in conflict. What disparity indicates as be- 
ing near, interposition shows to be far, and vice versa. Which cue wins out in (3)? 
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associated with the visual stimuli 
during our past experiences. This 
argument was advanced for two 
reasons: first, because all the static 
depth cues are ambiguous, as we 
saw on page 36; second, because 
the careful use of analytic intro- 
spection seemed to show that the 
only visual sensations that could 
be discovered were nonspatial and 
two-dimensional. 

Let us consider this theory in 
somewhat more detail, because it 
dominated psychological thought 
for many years, and because it 
displays the structuralist approach 
most clearly. 


Figure 4-7. Distance, disparity, and [i 
responding points. The points marke 


(Re:) are corresponding points, since 


i i n the fovea 
Berkeley's New Theory of Vision. each is the same distance from 


i d as 
(x = y). With the eyes converged 
а шкы Чен SUES ‘ваше shown (angle 1р), the image of object 


depth and distance to be observed? (Pc) falls on corresponding ee: 

Whence do we get our ideas of points ( Rei). The retinal images of 0b- 

space, size. solidity and so on? ject (Pn) fall on points (Rn) that are 
, , , f 


МЕ noncorresponding, or disparate (2 = w), 
Berkeley's © now-traditional hy- and this disparily offers a cue to the 


pothesis was that only one such distance between (Pci) and (Pn). 
source could possibly exist, our i 
memories of past experiences— 

hence the name empiricist (from 

empirical, meaning “founded on 

experience"), which is frequently used for this theory. 


Here is the heart of this theory, Berkeley's extremely influential argument 
in his own words: 


. . . the judgment we make of the distance of an object . . . is entirely the 
result of experience . . . a man born blind, being made to see, would at first have 
no idea of Distance by sight: the sun and stars, the remotest objects as well as the 
nearer, would all seem to be in his eye, or rather in his mind . . . each . . . as near 
to him as the perceptions of pain or pleasure, or the most inward passions of his 
soul. .. . And I believe whoever will look narrowly into his own thoughts, and 
examine what he means by saying that he sees this or that thing at a distance, wil 
agree with me, that what he sees only suggests to his understanding that, after 
having passed a certain distance, to be measured by the motion of the body, which 


is berceivable by touch, he shall come to perceive such and such tangible ideas 
[i.e., sensations of touch]. 


The Nonvisual Components of Visual Space. According to this hypothesis; 
then, an infant first learns the idea of distance by a combination of visu? 
and kinesthetic experiences. The toy he wishes to grasp is, say, a full arm’s 
reach away from him, and subtends at that distance a visual angie of, says 
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10? (Figure 4-8А); by accident, perhaps, he extends his arm the full dis- 
tance and grasps the toy to him. At another time, with the toy a half-arm’s 
reach away, it subtends a visual angle of, say 30? (Figure 4-8B). After many 
Such experiences, it is reasoned, the child needs only to glance at the toy in 
order to recall either the halí-bent arm or the fully-extended arm when the 
corresponding size of image falls upon his retina. From this viewpoint, the 
observation of distance always rests on the memory images of previous 
kinesthetic experiences. 

But reaching or walking to an object are not the only kinesthetic contribu- 
tions to depth perception. Our eyes also move, and their muscular system can 
contribute to the observation of visual distance most directly in the mecha- 
nisms of accomodation and convergence. For any point in space at any 
moderate distance from the eye, the lens must be stretched or relaxed to 
some degree which is precisely related to that distance, in order to bring the 
point to a sharp focus on the retina. This process is called accommodation. 
Similarly, the eyes must converge at some angle, which is precisely related to 
the distance of the point, in order to bring the retinal image of that point to 
the fovea of each eye (these mechanisms were shown in Figures 3-3 and 
3-15). These adjustments undoubtedly do occur. If we could sense the degree 
of tension in the muscles responsible for these adjustments, we would have an 
additional set of depth cues. For these two nonvisual cues are closely tied to 


Figure 4-8. The muscle-movement theory of visual space. The most influential theory 
of space perception in Western thought has been that distance is not a direct 
visual sensation at all. Instead, the empiricist theory maintains, when the retinal 
image of some object brings to mind the memories of the grasping or walking 
motions that have been made in the past in order to reach that object, those 
memories provide the idea of “distance.” 
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Figure 4-9. Locating the 
body in visual space: the 
kinesthetic and ргоргіосер- 
tive senses. Three types of 
receptors that are sensi- 
live to pressure and strain 
are distributed as follows: 
over the body surfaces as 
the tactile sense organs of 
the skin (1); within the 
muscle bundles (2), to 
provide the kinesthetic sys- 
tem with information 
about the contractions of 
the muscles; and in the 
joints (3), to provide the 
proprioceptive information 
about the relative positions 
and displacements of the 
skeletal framework. Taken 
together with the senses 
of balance and accelera- 
tion (see Figure 4-10) 
they contribute to the 
body image (4, 5): The 
body image provides a spatial framework within which muscular behaviors are co- 
ordinated. Victims of diseases (such as locomotor ataxia) that have destroyed 
parts of the body image must guide each individual bodily movement visually, as 
in looking at each foot to sce that it makes the proper movements for walking. 
To get an idea of the precision of this body image as a spatial framework, try 
the following tasks: (4) Close your eyes, stretch one arm to the side, at shoulder 
height, then bring index finger of that arm in to touch the tip of your nose in 
one smooth motion. (5) Place the index finger of your lejt hand against the under- 
side of a tabletop, out of sight, then place the index finger of your right hand on 
the topside of the table immediately over it. 


spatial distance. It is easy to imagine circumstances, in which any of the pic- 
torial depth cues would be wrong, but “fooling” accommodation or convergence 
requires special apparatus. Sensations resulting from these actions can be ob- 
served, with only a little effort. For instance, change your fixation rapidly 
from the horizon to the tip of your nose, and you will feel both sets of 
muscles in action. For these reasons, accommodation and convergence were 
thought to be primary depth cues in visual space perception, even though 
they are not visual at all. If so, our observations of spatial distance would then 
consist of three elements: kinesthetic sensations from the muscles of accomo- 
dation and convergence; plus those memories of the previous kinesthetic 
sensations of reaching or walking that had become associated with the specific 
accommodation and convergence sensations; and, finally, the “рше” visual 
sensations such as the color patches we discussed in Chapter 3. 


Locating the Observer in Space and with Respect to Gravity. So far, we 
have explained how we might observe the distance that some point is from 
our eyes, but normally we don’t see things as being more or less distant from 
us—instead, we see things as being at some place in space, and we also per- 
ceive our bodies to be at some specific place within the same spatial frame- 
Work. Can we account for this spatial framework in structuralist terms? 
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We have already discussed the localization of a point in space with respect 
to our eyes; we also need to be able to sense the localization of our eyes with 
respect to the rest of our bodies, and to observe the position of our bodies 
with respect to gravity. The sensory systems diagrammed in Figures 4-9 and 
4-10, respectively, would appear to be capable of providing this sensory in- 
formation, and we know that our perceptions of the main directions of space 
do draw upon these systems. In addition to sight and kinesthesis, our ears 
offer us information about the spatial location of objects (Figure 4-11). The 
immense amount of concomitant experience we get through these separate 
sensory systems is constantly being coordinated by the consistent physical 
world which surounds us and which is the underlying source of stimulation, 
uniting these unrelated masses of sensations in one structure of associations. 

This is the structuralist explanation of our perceptions of the spatial world, 
and it appeared to provide an elegant and unified foundation upon which to 
build an understanding of other more complex psychological processes. 

Convincing though this argument has been for centuries, it faces some grave 
difficulties. Perhaps most striking is the fact that at least some creatures 
can make good spatial discriminations without ever having previously asso- 
ciated kinesthetic images to the visual cues (Figure 4-12), and most of the 
kinds of creatures (including human infants) that have been tested in a recent 
series of experiments with the visual cliff, appear to be capable of some depth- 
discrimination as soon as they are old enough to move around at all. These 
facts don’t prove that all space perception is innate (see Figure 4-13). They 
do make Berkeley’s logical argument, that space perception must be learned, 
quite unconvincing. 


THE PERCEPTION 
or THE QUALITIES AND MOTIONS OF OBJECTS a 


So far, we have dealt mostly with points in space. Let us now try to 
assemble them into the objects of the world around us. 

Imagine a flat mosaic, like а tile floor, built of sensitive elements—this is a 
structuralist model of the retina. Let the light reflected from an object produce 
an image on the retina, covering some of these sensitive receptor elements. 
Each element is sensitive to light, and the more intensely each is stimulated, 
the brighter the observed object should be. With a greater visual angle sub- 
tended at the eye, a larger area will be stimulated, and the observed size 
should increase. What about skape and motion? 

Any shape that falls on the retina is, by this theory, simply a particular 
arrangement of points or patches; some of these arrangements have occurred 
so frequently together that all the parts are associated to each other and to 
the verbal names we have given to them (such as, “circle” or “face”).* 


* Until relatively recently, it was believed that the observation of shape was made 
possible only by the kinesthetic sensations caused by eye movements made while 
the fovea follows the outline of the shape. Despite a number of demonstrations that 
tachistoscopic exposures of shapes (that is, presentations too short to permit eye move- 
ment to occur) still allow the shapes to be discriminated, this belief still reappears from Perceiving 
time to time. Many people seem to find explanations of vision in terms of muscular Objects 


movements particularly satisfying. as Structures 
of Sensations 
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Figure 4-10. Orientation and acceleration. (A) The organs of equilibrium are 
located in the inner ear near the cochlea, which is the organ of hearing. The 
semicircular canals (1) provide information to the nervous system each time a 
movement of the head along one or more of the three dimensions of space agitates 
the fluid in the appropriate canals. Other organs, called the vestibular sacs, 
respond with each tilt of the head against the downward pull of gravity. These 
organs are nicely suited to respond to changes in orientation or in velocity, and 
to provide the other sensory systems with the raw material needed to maintain a 
constant frame of reference with respect to the earth, even though the head on 
which those other organs are mounted is in continual movement. For example, if 
you whirl around like an ice skater or a ballet dancer, impulses from these organs 
set the eyes into an automatic compensatory reflex movement (called a nystagmus), 
which acts to help keep the retinal image still as long as possible during each 
glance at the world (2). If (x) is the straight-ahead direction in the head, the 
eye travels toward (y) against the motion of rotation, then rapidly snaps back in 
the direction of rotation and repeats the movement. Because of the nausea which 
attends any disturbance of these organs, and because of their importance in setting 
the spatial framework of perception, we could not be certain that normal perception 
would be possible in the absence of gravity (“free fall"). But recent prolonged 
orbital flights by U.S. and U.S.S.R. astronauts have shown that coordinated 
perception continues to be possible. 

(B) The fact is that our perceptions of the main direction of Space do not 


compromise between the axis of 
et al.). 


rest (see Figure 5-14), and, in consequence, 
and fro, between (Y) and (X), as shown 
m revolves completely, he will feel himself 
т appears to remain fixed and stationary! 
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Figure 4-11. The auditory bases of space: stereophonic localization and other distance 
cues. In vision, the perception of spatial direction seems easy enough to explain: 
Because the retina is spread out in space, light from different spatial directions 
will fall upon different receptors. In hearing, the perception of spatial direction 
involves other mechanisms. Analogous to binocular disparity, the two ears receive 
pressure-waves differently from different places in space. (A) The pressure-waves 
reach the nearer ear first, and this disparity, d (together with other binaural 
differences, such as the fact that a slightly lower intensity of stimulation reaches 
the farther ear because of a “sound shadow” cast by the head) permits the 
observer to localize the direction from which the sound is coming. (B) Just as 
4 stereoscope can present different pictures to each 
eye and thereby produce a ihree-dimensional effect, 
a stereophonic sound-reproduction system can present 
appropriate binaural disparities and recreate many of 
the apparent spatial separations of the original re- 
cording session. The pressure waves of the violin 
reach the right ear first, those of the drum reach 
the left ear first, and the horn reaches both ears to- 
gether—as it should, since it is straight ahead during 
the recording session. This spatial separation permits 
@ better appreciation of the contribution of each 
instrument than can usually be obtained in а mon- 
aural recording. The differences in arrival time are 
very slight—about 1/1000 of a second. The time 
that it takes for the sounds of one's breathing and of 
one’s footsteps to be reflected from the surfaces 
around one (about 1/1000 of a second for each addi- 
tional 6 inches of distance from the reflecting sur- 
Jace) provides the basis for what used to be called 
“facial vision” in blind subjects, enabling them to 
locate surfaces in space by ear. Some animals (espe- 
cially the bat) depend almost entirely on this means 
of avoiding obstacles in space: Such creatures emit 
high-frequency sound-waves and are guided by the 
time it takes the echoes to return. 
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Figure 4-12. Space discriminations without prior visuomotor experience. (A) Chicks 
that were hatched and reared in darkness and therefore have had no opportunity 
to form visual-kinesthetic associations can, nevertheless, use visual depth cues when 
first exposed to them: When they are placed on test stands in an illuminated space, 
the higher the stand, the longer they delay in jumping (Thorndike). (B) A variely 
of animals—including human infants—display a similar ability as soon as they are 
old enough to locomote at all. When placed on the center of a glass sheet, with 
patterned linoleum up against the glass on one side of the mid-line and a drop-off 
in a sheer “visual cliff" on the other, they avoid the cliff, indicating the use 
of purely visual depth cues (Gibson and Walk). A child who had been essentially 
one-eyed from birth, displayed the same choice on the visual cliff at age 18 months, 
a finding which makes the claim that binocular disparity is fundamental to space 
perception (p. 39) very dubious (Walk and Dodge). (C) We cannot rear human 
infants in darkness, However, in an extremely ingenious experiment with an infant 
delivered without drugs, it was found that the baby would turn consistently toward 
the source of a sound, only moments after birth, a fact that establishes the exist- 
ence of some minimum amount of spatially coordinated behavior at the time of 
delivery (Wertheimer ). 


Figure 4 13. The kitten corovsel. We should not 
conclude from the experiments of Figure 4-12 that 
the visuomotor experience is not involved at all 
in the development of space perception. Kittens 
were paired in the carousel so that one was passive 
and the other active. The latter wheeled the pas- 
sive partner around in the light for one hour, 
while the remainder of the day was spent in 
darkness. Both animals thus received the same 
amount of visual stimulation. The passive cats 
showed marked inabilities on the visual cliff and 
in other visual tasks which require depth percep- 
tion and visuomotor coordination. The active 
partners showed no such deficit (Held and Hein). 


Motion would be observed whenever a succession of neighboring receptors 
were stimulated. Neither shape nor motion, then, seems to require the 
structuralist to seek any additional explanations. АП the physical properties of 
the world of objects that we see, are thus accounted for—but with some sur- 
prising peculiarities: 

If we introspect carefully, the visual sensations of every object's properties 
should appear to vary from one moment to the next, in an astonishing manner. 
Size, shape, brightness—all change drastically in the optic array and in the 
retinal image, as the observer and the objects he looks at move about in the 
world (Figure 4-14), and so, therefore, should our observations change. 

Do we'really observe the world in this inconsistent fashion? In fact, we 
see the physical attributes of objects both more correctly, and less correctly, 
than we should expect from what we know about sensory psychophysics. The 


basic structuralist attempt to observe the component sensations has failed for 
* 


Figure 4-14. Size constancy 
and shape constancy. (A) 
The approximate change 
in size in the retinal image 
of a friend's face, as he 
approaches on the street. 
If you hold your thumb 
up at about eye level and 
move it to and fro, from 
close to your еуе out to 
arm's length and back 
again, it will continue to 
appear roughly constant in 
size, that is, “thumb size” 
—unless you pay attention 
to the objects that it hides 
from view at different dis- 
tances. At arm’s length, 
the tip of your thumb can 


hide your friend’s nose at | 1 
four feet; it can hide his head at 20 feet; it can hide him completely at 150 feet. 


Does your friend appear to shrink to thumb-tip size when he is 150 feet away? 
Again, when your thumb approaches from arm’s length to about three inches, 
the image of its tip in the optic array expands from being able to cover your 
friend’s head, to hiding his entire body. Does your thumb appear to swell from 
head size to body size? (B) Headlights of a passing automobile provide retinal 
images that vary from the perfect circle of @ head-on view, through an ellipse of 
ever-narrowing proportions, to @ sliver of light. Do you normaly detect prere 
changes in shape? (С) Try the following experiment, however: Turn the pee 

around so that you are facing it from the distances and at the orientation s. owe 
and then attempt to match the appearance of the standard 2700, sien = en 
facing page, to the series of ellipses in (B). Which one of the i ipses b dn 
standard in retinal image? See the note on the botiom of page 51 for the - 


t has been studied. We can list these 


; ; jects tha! 1 
every physical attribute of objec cies, the illusions, and 


failures under three headings: the perceptual constan 
the facts of organization. 
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Figure 4-15. Lightness constancy. (A) Even though the intensity of the light-energy 
reaching the eye may change greatly from one moment to the next as the illumina- 
tion on an object changes from direct sunlight to deep shadow, the apparent light- 
ness of the object will remain relatively constant and unchanged. The light that is reflected 
or emilled by some surface is measured in units called millilamberts. (B) In sunlight, coal 
may reflect 100 millilamberts (mL), and paper may reflect 900 mL. (С) In the shade, the 
coal may reflect 1 mL, the paper, 9 mL. Docs the paper look darker in the shade than the 
coal did in the sunlight? No: The coal looks black, and the paper looks white, regardless of 
the light cach reflects to the eye. 


The Perceptual Constancies 
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The world we see is, by 
and large, a stable one. Only in unusual circumstances can we detect the 
tremendous changes of size in proximal stimulation as we walk about, and the 
changes in the light reaching our eye from any object as the illumination 
changes.* Most generally a friend does not appear to double in size with each 
couple of steps; the headlights on a car do not seem to turn from circles 
through elipses to lines as they pass us on the road (Figure 4-14); and the 
lump of coal does not change from black to white when it moves from shade 
to sunlight (Figure 4-15). Object characteristics appear to remain approxi- 
mately constant, even though the corresponding proximal stimulation changes. 
These general phenomena are variously called the object constancies, phe- 
nomenal constancies, or perceptual constancies. 

It is tempting, therefore, to explain the constancies as mechanisms by 
which the observer “achieves” veridical, correct observations of the world, 


*There is something that does in fact remai 
instance of the constancies; 
(pp. 75, 80). 


in constant in the retinal image in each 
we shall consider what does remain constant later on 
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because they are so necessary to his effective actions and survival. This only 
recognizes the utility of the constancies, however; it does not explain how they 
come to Ье. Let us examine two important examples of the constancies and the 
structuralist attempt to explain these pervasive phenomena. 


Lightness Constancy * and Memory Color. When light-energy falls upon 
the surface of an object, some of the energy is reflected and some is absorbed 
(or transmitted, if the object is transparent). Under normal circumstances, 
if the object reflects most of the light, it is usually seen as white; an object 
that fails to reflect any light at all appears black. The percentage of the light 
a surface reflects is its albedo, and we observe this physical characteristic 
with surprising accuracy, even though the amount of light actually reaching 
the eye, from that object, may vary widely (Figure 4-15). 

The most obvious explanation is that we know the colors of coal and of 
paper, and that this knowledge (the memory colors of coal and paper) influ- 
ences our judgments. This answer, though obvious, is wrong, since lightness 
constancy is obtained perfectly well with objects of unknown albedo. Some- 
how we must be taking into account the following complicated facts. 

Consider an object that projects a certain specific amount of light to the 
eye. In order to project that amount of light, it must be a darker object if it 
is in full illumination than if it is in partial (or lower) illumination (Figure 
4-15). Consequently, if the object appears to be in the shade, it will, also 
appear to be lighter than if—without any change in the light reaching the 
eye—it appears to be brightly lit. If this complicated kind of calculation 
were really being made each time we observe the lightness of a surface, would 
we not notice that we are making it? This same question arises in every one 


of the constancies. 


Size Constancy and Familiar Size. The tremendous changes in size an 
object's image undergoes in the optic array, as the object itself moves around 
in space, are illustrated in Figure 4-14. These size changes are not usually 
noticeable in normal visual perception. The observed size tends to remain 
constant, in spite of them. See Figure 4-16. This tendency for the apparent 


*Lightness and brightness are not identical. Lightness is the continuum running 
from white surface to black surface. Brightness is the apparent amount of light coming 
from the object; thus a piece of coal in the sunlight and a piece of coal in the shade 
will be of equal lightness, if constancy is perfect, but the coal in the sunlight will appear 
much brighter. 

+ Figure 4-16 is a picture, which co 
almost equivalent to the proximal stimu 


mplicates the problem. In a picture (which is 
lation which would be received from a real 
scene), V3 = S both as a proximal and as a distal match, since S and V are really at 
the same distance from the eye. Constancy experiments can be performed with pictures 
by using the represented distance instead of the real distance when computing constancy 
ratios, with quite reliable results. If you look at the scene in Figure 4-16A through 
a tunnel of rolled-up paper for a few moments, you will most probably find that V2 or V1 
seems much closer in size to S, than does УЗ. (See С. Sonoda. Perceptual constancies ob- 
served in plane pictures. Bulletin of the faculty of literature of Kyushu University, No. 7, 1961, 


рр. 199-228.) " i 
NOTE: The answer to the question in Figure 4-14C: Ellipse 5 is closest in shape. 
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x = distance of standard 
2x = distance of variable 
POE, = 10 cm = physical height of standard 
POE, = 20 cm = height of the variable which 
would subtend the same 


visual angle, © 


~ 


Standard = 10 cm 


Figure 4-16. Constancy ratios. (A) Look at the scene through a tube of rolled-up 
Paper, or through a hole punched in a sheet of cardboard so that your field of view 
is restricted to the picture itself. Which of the variables (Уз, Vs, and Vs) appears 
to be equal in size to the standard (S)? In the real situation, represented by this 
picture, most observers will pick a value close to (Vi). Note that in the real situa- 
tion, there would be two POE's, or points of objective equality, in which (S) and 
(V) ure objectively equal, as measured physically. One POE is oblained when (S) 
and (V) sublend equal visual angles at the eye. This is the POEp, which is called 
a proximal match, because it refers to a choice of (V) at which the two 
proximal stimuli are the same size. A second POE is obtained when (S) and (0) 
are equal in size as physical objects. This is the POE,, or distal match, because it 
refers to a choice of (V) whereby (S) and (V) are equal as distal stimuli. One 
measure of perceptual constancy is the constancy ratio, С = (PSE — POE,)/ 
(POEs — POE,). In this measure, the PSE is the point of subjective equality, that 
is, the value of (V) at which the observer decides that the standard and variable 
are equal (using one of the psychophysical methods, p. 8). POE, is the setting 
at which the standard and variable produce the same retinal image or proximal 
stimulus (here, Уз); and POEa is the setting at which the standard and variable 
are equal as distal objects (here, V:). (B) In the size-constancy experiment repre- 
sented here, if PSE = 10, С = (10-20)/(10-20) — 1.0, which would mean that 
the match is being made solely in terms of the distal sizes of (S) and (V), and size 
constancy would be perfect. Most usually, some intermediate value is obtained. 


size of an object to remain constant while the proximal stimulus changes in 
size is called size constancy; the term also includes the related tendency to 
see large objects as large and small objects as small even when their proximal 
stimulus sizes are the same (Figure 4-17A). Why do we see the man as being 
taller than the boy in Figure 4-17B? 

Analogous to the explanation offered for color constancy in terms of 
memory color, we might suppose that size constancy occurs because we know 
the true, physical sizes of men and boys. This is the traditional cue of familiar 
size (see p. 35). Yet size constancy is also obtained for entirely unfamiliar 
objects. Moreover, by the use of false perspective (Figure 4-17C), we 
can fool the eye into accepting two perfectly familiar, equal-sized objects as 
being the same distances when they are really at different distances. The ob- 
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jects that would normally appear constant in size then appear greatly different, 
as one would expect from the distance framework in which they are set, not 
as one would expect from their familiar size. As a cue, familiar size (or the 
size you know an object to be) is not good, and we shall see that there is some 
question about whether it can work at all. 

Alternatively, we might try to explain size constancy on the basis that an 
Object's distance is somehow taken into account, just as we might try to 
explain lightness constancy as the result of taking illumination into account. 
That is, perhaps the size of an object is computed from the size of its retinal 
image, and from its apparent distance, just as an astronomer can compute 
the positions of the stars in space using trigonometry or a surveyor can calcu- 
late the distance to some landmark. 

This is also an appealing possibility and is still widely accepted, but we 
must qualify it immediately: The observer is not aware of making such com- 
putations if he does make them at all. The implications of this fact must be 


Figure 4-17. The effects of context on apparent size. (A) Are the cylinders at (1) 
and (2) the same size? (B) Are the boy and man the same size? If you measure 
the heights with a ruler, you will find them the same in both cases. (C) Now 
consider the two men here. Both men are of normal height, but one of them is 
considerably nearer. The room, of course, is quite distorted; looked at from above, 

it is shaped as shown in (D). To monocular vision, however, the room appears to a 
be rectangular, and our familiarity with the sizes of the two men is not sufficient to overcome 
this “essumplion of rectangularity.” If the room were in reality rectangular, the view 
would be that shown in (E). How is (C) related to (A) and (B)? (See Ittelson and 
Kilpatrick.) 
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Figure 4-18. The geometrical illusions: erroneous perceptions of size and place. (4) 
Circles (1) and (2) are really the same size. (B) Segments (1), (2), (3), and (4) 
are all the same size. (C) The two horizontal lines are parallel, the distance between 
(1) and (2) being the same all the way across the figure. (D) The two crescents 
(1) and (2) are the same size. (E) This figure is explained in the text. 

There are a great many different illusions of this general class, in which what 
you perceive corresponds neither to the proximal stimulus nor to the distal object. 
In general, they are even stronger than the constancies, to which at least some €. 


them may be related. What is the common factor in Figures 4-18A, 4-17E and 
4-16A? 


considered in some detail, since they strike at the heart of the entire struc- 
turalist approach. 


Unconscious Conclusions from Unnoticed Sensations To Explain Perceptual 
Achievement. This hypothesis of unconscious computation, or uncon- 
scious inference, implies that sensations cannot in fact be observed but that 
instead they are hidden, or overlaid, by the unconsciously achieved conclu- 
sions. This explanation faces a number of difficulties but it remains the most 
serious empiricist attempt to explain the fact that our observations are usually 
more like the distal objects of the real world than like the sensations we would 
expect from the proximal stimulation (and from our knowledge of sensory psy- 
chophysics). It can explain perceptual achievement only if we abandon the 
belief that we can continue to observe the individual sensations. 

Can it explain the other two kinds of discrepancies between proximal stimu- 
lation and appearance, namely illusions and organizations? 


Illusions 
For every example of con- 
stancy and perceptual achievement we can find an illusion or perceptual 
error, that has a greater discrepancy with the distal world than we would 
expect from the proximal stimulation. Figure 4-16 was an example of size 
constancy, yet Figure 4-18A is considered an illusion; Figure 4-15 is ai 
example of lightness-constancy, yet Figure 4-19 is an illusion. 

Several kinds of illusions are illustrated in Figure 4-18; others appear in 
later pages. These are not simple cases of careless observation that can be 
countered by taking pains. The only way in which most illusions can be de- 
tected as such in these figures is by taking a ruler and measuring them. If no 
means of predicting their effects or of anticipating their occurrence can be 
found, the scientific study of perception will be impossible. Consequently, 
We cannot dismiss illusions as mere curiosities which demonstrate that “one 
Can't trust one's senses." 


Two Famous Illusions of Size Inconstancy: The Mueller-Lyer Illusion and the Moon 
Illusion. Many explanations have been offered to account for the illu- 


Figure 4-19. Color contrast: erroneous perceptions of brightness and hue. In (A) the 
two halves о] the gray ring are really identical, аз we see when we view the ring 
without the split background in (B). Contrast will also induce illusory changes in 
hue: In (A) ij (1) and (2) were red and green respectively, (3) and (4) would 
pear greenish and reddish, respectively. See also the "colored shadows” of Figure 
5-24. In general, color contrast results in induction of the complementary hue 


(the Opposites on the color circle in Figure 3-9A). 


Perceiving 
Objects 

as Structures 
of Sensations 


sions.* According to the perspective theory of the Mueller-Lyer illusion, for 
example, the “converging lines" at 1 and 2 in Figure 4-18E, have been 
thought to "suggest" the depth cue of linear perspective. Therefore, it has 
been reasoned, segment 1-2 appears nearer than segment 2-3; since 1-2 ap- 
pears near while subtending the same visual angle, it should appear shorter 
than 2-3. This would explain the illusion as being due to the unconscious use 


of a depth cue where there is, in fact, no real depth. 


At first glance this doesn’t make 
sense. Shouldn’t an object appear 
to be larger if it appears to be 
nearer than it really is? Not ac- 
cording to the following reasoning 
(known in recent vears as the size- 
distance invariance hypothesis). 

Examine Figure 4-20B. In 
order to maintain a given visual 
angle 0 (and, therefore, a given 
retinal image size) as the distance 
of the distal stimulus increases, so 
must its physical size increase. In 
fact, where S — stimulus size, d 
— stimulus distance, and & — 
{ап 0,5 = 2 x d. 

This is a simple physical in- 
variance, that is easily demon- 
stated by the procedure shown in 
Figure 4-20. If, as a result of 
learning (or by native endow- 
ment), our perceptions of the 
world agree with its physical char- 
acteristics, we should expect to 
to find a perceptual invariance in- 
timately related to this physical 
invariance. For a given proximal 
stimulus (0), as apparent distance 
increases, apparent size should in- 
crease and vice versa. 

Now we can return to the “рег- 
spective explanation" of the Muel- 
ler-Lyer illusion shown in Figure 


Figure 4-20. Size-distance invariance hy- 
pothesis and Emmer's Law. Prolonged 
staring at a light produces an after- 


image (p. 23). If ап afterimage 
is obtained by gazing at the bright 
window in (A), and then projected on 
the one-foot-square paper in (B), it 
will cover an area 10 inches across at 
а distance of two feet. 1] you now move 
the paper to a distance of one foot, 
how large is the afterimage? The size 
of a projected afterimage is directly 
proportional to the distance from the 
eye to the surface upon which the image 
is projected. This is known as Еттегі 
Law. 


* One recurrent explanation is that these illusions are due to the effects of eye MOV 
ments. For example, our eyes make an unbroken sweep across length 1-2, Figure 4-18B, 
but are prevented from doing the same for 1. Unfortunately for this explanation: 
tachistoscopic exposures in too short a time to permit eye movements, result in а strong 
illusion anyway. 

t This invariance of two distal measures for a fixed proximal measure holds not only 
for size and distance but for such other physical properties as lightness and. illumination, 
slant-and-shape, that is, for all the attributes which display the constancies. This may 
be a clue to what remains constant in the constancies, and we shall return to some 
of these other invariances later (p. 74). 
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Figure 4-21. The "moon illusion.” (А) The moon seems much larger when it is 
mear the horizon (1) than when it is overhead (2). Although several factors (such 
as the elevation of your gaze; see Holway and Boring) contribute to this effect, 
recent research supports an ancient explanation: Distance cues in the terrain im- 
mediately adjacent to the horizon moon help cause the illusion, making the 
moon look larger by making it look farther away (Kaufman and Rock). (B) 
This illusion can casily be demonstrated in daylight. Obtain an after-image by look- 
ing at a bright light, and then project it on the sky. Near the horizon (1), it 
appears larger than when it is projected overhead (2), even though the proximal stimulus 
(visual angle 0) remains constant (Gruber and King). Look back at Emmert’s law 
(Figure 4-20). What do these facts scem to imply about the distance of the sky at horizon 
and al zenith? 


4-18E. Since the retinal size of the horizontal segment 2 remains constant, a 
decrease in apparent distance should result in a decrease in apparent size. 

This explanation would also apply to many other size illusions; consider 
the famous moon illusion (shown in Figure 4-21). 

It has been known for thousands of years that the moon looks larger when 
it is near the horizon (1 in the Figure) than when it is overhead at its zenith 
(2), even though the visual angle subtended by the moon remains constant. 
Why does this illusion occur? One of the earliest explanations, which now has 
Some experimental support, was that the sky at the horizon looks farther away 
(due to the intervening terrain), and thus the moon seems larger near the 
horizon. Once again, the observer seems somehow to take the distance into 
account in judging the object's size, by some sort of unconscious inference. 


Unconscious Inferences. The principle of unconscious inference does seem 
to explain the illusions as well as the constancies—at least as a first approxima- 
tion. If such inferences do explain these illusions, however, they are not 
calculations that the observer can report, nor do they depend on knowledge in 
any simple sense of the word. Knowing that the Mueller-Lyer illusion lies on 
a flat surface does not dispel the illusion; knowing that the moon remains the 
Same size does not affect the moon illusion. Moreover, the quantitative meas- 
urements of the illusions—the precise extents of the errors as measured in 
Poy chophysical experiments—do not agree exactly with what we would expect 
9 find in accordance with this principle. з 

For these reasons, paren E [гесе is really only an approximate 
Tule of thumb. We shall consider alternate explanations later on. 
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The Perception of Shape and Motion: 
A First Introduction 


to the Principles of Organization 


As we have just seen, the 
illusions and the constancies reveal discrepancies between what we should 
observe if sensations are simply added together, on the one hand, and what 
we do in fact observe, on the other, Discrepancies become overwhelming when 
we turn to the perception of Shape and of motion. The sensations seem to 
become completely unobservable, and totally submerged in the over-all organ- 
ization of the perceived object—if they are present at all in any sense. 


Camouflage and Puzzle-Pictures. In the structuralist scheme, a shape 8 
simply the sum of the sensations of points of color and shade at a particular 
set of positions (see Figure 4-1C). In Figure 4-22A are a number of familiar 
shapes in plain view, Can you see them? Is this concealment due to the con 
fusion caused by the added lines? No, this canhot be the answer, since in 
Figure 4-22B the same patterns of stimulation are now embedded amoni 
even more lines (or suffer even more omissions) yet are clearly observable. 


Figure 4-22. Camouflage and puzzle-pictures: invisibility through “organization. r 
ious numbers and letters are concealed in (1), (2), and (3) in (A) (after Yu 
Why are they invisible there, yet obvious in (1), (2), and (3) in (B)? In ic 
there are two pencils (after Metzger). Which is easier to see, the one that is ye As 
covered, or the one that is completely uncovered? An entire animal is conceale 


(D) 


ا 


Figure 4-23. Figure and 
ground, visibility and invisi- 
bility. (A) A set of Fiji 
island charms? А word is 
“concealed” here. In gen- 
eral, what is “figure” has a 
recognizable shape, while 
what is “ground” does not. 
(B) You can either see as 
figure a black goblet stand- 
ing in front of a white 
ground, or you can see two 
white faces, looking at 
each other, in front of a 
black ground. If you think 
that you see both, you are 
Probably either alternating 
belween the two or you 
see one region of the con- 
tour as part of a white 
Profile, and another region 
as part of a black vase. 
See Chapter 5 for other 
examples. 


Is this somehow due to the artificiality of lines on paper, or to human 
habits of looking at them? No, for we find the same principles of concealment 
used by animals to hide from other animals in the real world (Figure 4-22D; 
see also Figure 1-2C), and by pencils to hide from students (Figure 4-22C). 
What makes these sets of local sensatiéns unobservable, in these combinations, 
even though their components are clearly above threshold when considered one 
at a time? 

Is this simply a matter of seeing the shapes we have learned to see? No, 
again. The demonstrations in Figures 4-22 and 4-23A show that what we 
might call familiar shape is no better a predictor of what we will see, than 
were memory color and familiar size. The explanation for observed shape is 
not simply that certain specific shapes have been learned. There are evidently 
laws of organization at work—factors that depend on the relationships be- 
tween the parts of the patterns of stimulation. "my, 

These laws of organization form the heart of Gestalt theory, which is an 
alternative to structuralism that we shall examine later, and they shall be con- 
Sidered in a more positive and detailed fashion in the next chapter. What makes 
them important to us here is this: Their demonstrations show quite dramati- 
cally that how we will perceive a whole object cannot be predicted simply 
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THE DEMISE OF ANALYTIC INTROSPECTION 


Analytic introspection clearly will not work as intended. This failure has 
enormous consequences—not only for the study of perception but for the 
entire complex scientific enterprise of understanding man's sensory system. 
In a nutshell, the whole interlocking structure of sensory physiology, sensory 
psychophysics, and analytic perception has had some of its main assumptions 
pulled out from under it. We can no longer pursue old programs based upon 
these assumptions, and we have to understand the precise extent of the failures 
if we are to understand new programs in the study of perception. For new 
they must be, though they also must conserve what we have learned up to this 
point. 


The Failures of Introspective Structuralism 

The structuralist proce- 

dure for studying perception was to discover the underlying fundamental 
sensations and their physiological bases (or specific nerve energies), and the 
laws by whith these elements combine. All other qualities for which we can 
find no receptors (such as distance, solidity, social attributes, facial expres- 
sions, and so forth) were to be built up out of these units. These elements 
were to combine with each other by simple addition. Other qualities-pre- 
sumably arise through bringing to mind the images left by earlier sensa- 
tions, in accordance with the laws of association. This over-all viewpoint gave 
a general purpose to the enterprise of sensory psychophysics and provided 
a unified picture of man and of his perceptions of the world. 

The basic failures lay in the addition hypothesis, in the technique of 
analytic introspection, or in both. We have examined all the building blocks 
(color, position, shape, size, and so on) for visual perception, and in each 
case, we find that the data of sensory psychophysics do not predict the ob- 
servations made when those supposed building blocks are combined (pp. 50- 
60). 
In many cases, we might explain the discrepancies from the addition hy- 
pothesis as being due to unconscious inferences that we make, based on 
our past experiences; we Saw several examples of this in pp. 53-57. These 
explanations, whatever else they might do, cannot save analytic intro- 
spection, however, since with no amount of introspective effort can you over- 
come the effects of context and of past experiences, and detect the “true” 
sensation (for example, that the lines are really equal in the Mueller-Lyer 
illusion on p. 3). 

However, if analytic introspection will not serve to dissect our perceptions 
of the world into the innate sensations, on the one hand, and memory images, 
on the other, how can we discover what is learned and what is innate? How 
can we investigate the empiricist assertion (see pp. 42-44) that the com- 
plex objects that we perceive are built up out of simpler sensory elements 
by some process of perceptual learning? 
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Nonintrospective Research 
in Perceptual Learning 


Some form of empiricism 
is still tenable. We may continue to suppose that there are simple € 
elements (like those studied in sensory psychophysics), which are combine 
by the effects of our past experiences into the complex things we see. Hower 
since we must now recognize that introspection simply cannot serve to о 
Serve either these elements, or their memory images from the past, the only 
way to know what associations any observer has formed is to discover e 
he has been exposed to in the past. One way we might attempt to do th i 
would be to examine the normal environment, or ecology, in order to am 
Cover what combinations of stimulus patterns are likely to confront the aver 
age observer—in short, to perform an ecological survey, which means to obtain 


Figure 4-25. Does our environment “teach” us what to see? Before we can a 
fest or use the hypothesis that we see what our previous experiences have al 
us to see (called empiricism; see p. 42), we have to know two things: a in 
stimulus patterns are likely to have occurred together, in frequent ase аа 
Our normal environments? (2) What is the effect of such association—if ie 
on what we see? One of the very few attempts to answer the first question 15 x 
study of our visual environment (called an ecological survey) that is ФИИ 

in (A) (Brunswik). Pictures were randomly selected from a popular mano н 
each of several depth cues (such as the cue of vertical position: that objects sro 
are further away appear higher in the picture and in the optic array) was pa 
to measure how frequently it was associated with real distance (1), and Ха Ms 
quently it was “invalid” (2). Usually, we may expect the depth cues to be y e 
and to agree with one another, as in (B1), in which case there is little pro у 
about what the cues will cause us to see. When cues conflict with each оше, 
however, аз in (B2), we would have to use the results of our ecological sure i 
(if such surveys had really been performed, which they haven't, in general) in 
decide which cue should prevail because it has been more frequently encountere ct 
the normal environment—that is, we could do this ij we knew also what effe: Я 
the Jrequency о] association has on the strength of perceptual learning. In 6 
, the empiricist hypothesis must still be 7! 


absence of both kinds of information 
garded as Speculation, not explanation. 


an inventory of what the world offers as raw material for the process of 
association (see Figure 4-25A): This is no easy task to undertake, and few 
ecological surveys have actually been attempted. 

The task is immense. But even if we had such an ecological inventory, we 
could not use it directly, because now the exact nature of the process of per- 
ceptual learning would become critical. Consider Figure 4-25B. In 1 there 
is no conflict between the cue of size perspective and the cue of interposition 
(these cues were defined in Figure 4-3). If the two cues are set into conflict, 
however, as in Figure 4-25B2, how can we tell which one will prevail? If we 
knew that the cue of interposition had been right 1000 times and wrong 200 
times in the life history of the individual, and that the cue of relative size 
had been right 900 times and wrong 50 times, could we say which one will 
predominate? 

Not without more knowledge about perceptual learning: We must have 
precise quantitative knowledge of the laws of perceptual learning, before any 
ecological survey is worthwhile. 


The Search for the Elements of Perceptual Learning: Physiological Models and 
Electronic "Perceiving Machines." Where simple receptors could be found 
(or imagined) to explain a particular observation, structuralists considered 
that observation to be an elementary sensation ; otherwise, it was concluded to 
be a complex perception, assembled by the processes of association some- 
where in the inaccessible inner recesses of the central nervous system. Donald 
O. Hebb has recently offered a speculative but influential hypothesis about 
the perceptual learning process, that is outlined in Figures 4-26 and 4-27. In 
essence, this theory proposes that receptor-groupings (called cell-assemblies, 
Figure 4-26) may develop that are sensitive to shapes, to words, togwhole 
patterns, in just as immediate a fashion as a single color receptor was thought 
to be sensitive to a particular wavelength (p. 18). (These more organized 
units would be much more plausible than the independent sensations of 
Chapters 2 and 3 appear to be.) 

This is really a much more complicated picture of the nervous system than 
any verbal discussion could evaluate. Would such a nervous system work? 
Would it learn in the same way that humans really do? The attempts to answer 
this question has led to the construction of perceiving machines (or simulated 
nervous systems) which by duplicating in electronic hardware or by a mathe- 
matical model some of the functions of particular hypothetical arrangements 
of neurons, seek to answer such questions. These attempts must be preceded, 
however, by perceptual research with human beings: If we design a machine 
to duplicate what we consider to be a particular human performance and we 
are wrong in our description of that performance, our machine will be irrele- 
vant to the human nervous system in both structure and function, no matter 


how well it does what it was designed to do. 


Perceptual Learning: Improvement and After-effects. That there are effects 
of learning to perceive—especially for complex patterns of stimulation— 
appears certain. The change in appearance of a stranger's face after he be- 
comes a familiar friend, the sound of a foreign language (which initially 
sounds like gibberish) after we have learned it, the tremendous difference 
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Figure 4-26. Units of brain action: cell-assemblios ond receptive fields. It was first though | 
that when any receptor neuron in a Sense organ is stimulated its activit is transmit 
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Cell-ossemblies. The neural circuitry in the cerebral cortex of the brain is immensely 
complex, Any attempt to explain perception in terms of cortical actions will have to use 
simplified analogies, or models. An influential example of such models is Hebb's cell- 
assembly. 

Let us symbolize individual nerve fibers, or neurons, as at (1) апа (3), in (A). When 
a neuron is firing, or excited, this excitation (which is bioelectrical in nature) is trans- 
mitted to another neuron in the direction shown by the arrow. In general, one excited 
neuron cannot simply excite another, but if several firing neurons have a synapse with an 
inactive one (a synapse is the point of junction (2) between two neurons), they can 
make it fire. Thus, neurons 1 and 2, in (B), when acting together, might fire neurons 
A, F, etc. In this way, the firing of particular neurons in the association cortex may 
depend on simultaneous stimulation by а whole pattern of sensory neurons. 

Some of the neurons in the association areas are set into action by stimulation of the 
sense organs; on the other hand, the brain includes myriad “loop circuits” (such as A, B, 
C in (B)), in which a number of association fibers stimulate each other. These loops are 
the raw material from which cell-assemblies might be carved out, by the following process. 

Assume that whenever two neurons fire together, some change occurs at the synapse 
that strengthens the ability of the first neuron to fire the second one. Suppose that some 
frequently encountered pattern of stimulation on the retina (say, @ corner pointing to the 
left) causes neurons 1, 2, and 3 to fire in the sensory cortex, and these in turn fire fibers 
A, B, and C in the association cortex. Since A, B, and C fire together, the connections 
within this loop will eventually be so strengthened that stimulating one neuron sets off 
a reverberating circuit of excitation: A-B-C-A-B-C-A .. „ as shown in (C). If D, 
E, F is another loop which is also always fired at the same time by the same sensory 
event, the two loops will tend to coalesce into a single cell-assembly, and to fire as а 
unit. If either of two loops is also active by itself (without the other), however, they 
will remain separate assemblies that are “associated” in the sense that the firing of, one 
loop (such as A, B, C) will increase the likelihood that the other loop (G, Н, 1) is 
fired when it is stimulated by still another source, like fiber 4, which would normally 
not be effective without such facilitation from A, B, C. Since some nerve fibers prevent 
others from firing, however, two cell-assemblies might inhibit rather than facilitate each 
other. Thus, if (X) and (Ү) are inhibitory fibers in the arrangement at (D), either 
cell-assembly I or cell-assembly II would be fired by the sensory input, or they might 
alternate, but they could not both fire simultaneously. 

(This “flip-flop” alternation between two mutually-exclusive responses to one and 
the same sensory stimulus pattern characterizes the most important phenomenon in 
shape perception (the figure-ground phenomena discussed in pp. 58-60); without the 
ability to inhibit one of the two alternative shapes that are defined by the edge of each 
object, we should not be able to distinguish objects from the spaces between them 
(p. 84).) 

If this description of brain function is at all valid, the smallest units of perception 
would be the result of firing these cell-assemblies, rather than the firing of specific 
receptor neurons. Each suck cell-assembly would correspond to a simple common unit 
of sensory stimulation, such as a corner or a particular slope of a line in vision, а vowel 
sound in hearing, a pressure-pattern in touch. Whether or not such cell-assemblies do 
develop in the association areas, very similiar units of complex neural action have been 
found in the sensory projection areas themselves. 

Receptive fields. With very fine wires, called microelectrodes, the excitation of single 
neurons has been recorded from within the visual projection areas of various animals, 
and neurons have been discovered through this technique that fire when some particular 
pattern (such as а line or an edge of а particular slope) stimulates an entire field of 
retinal receptors, and that do not fire when individual rods or cones are stimulated by 
points of light in the same retinal area (E) (Hubel and Wiesel). Unlike cell-assemblies, 
these line-sensitive and edge-sensitive cells are found in the sensory projection system. 
Like the cell-assemblies, they offer us a fresh approach to the study of sensory psycho- 


using much larger units of analysis (such as lines, corners, and edges of about 


physics, 
an those with which we first started— 


14° by 4 to 8 degrees of visual angle in size) th 
the specific nerve energies of puncliform receptor action. 

Although these units of response are larger and more complex than those of traditional 
sensory psychophysics, they are still only fragments of the things we see. How might 
these cell-assemblies and receptive fields combine to form the objects and events of 
normal perception? Hebb’s speculative sketch of this process is called the phase sequence, 
a version of which we shall consider briefly in Figure 4-27. 


Figure 4-27. The organization of cell-assemblies into phase sequences. When we look at an 
object, such as the silhouette of а vase in (A), our gaze shifts from one fixation to an- 
other (say from Е. to F, to Fs, etc.) and different sets of cell-assemblies will be stimulated 
as different patterns of stimulation—S,, S, and S,—fall on the fovea of the eye. Con- 
sider the first moment in time, To: with fixation Fe, the pattern of stimulation, So 
facilitates the firing of cell-assemblies C, and Y, (to consider just two of many). If it 
were actually fired, C, might be experienced as “black-corner-pointing-left,” while Yı 
might be “white-inside-corner-facing-right.” (These two alternatives might well be 
mutually inhibitory, as shown in Figure 3-26E, in accordance with what we know about 
figure-ground perception (p. 84).) 

Which cell-assembly, C, or Ү,, would fire? Which shape would be seen? 4 

At moment To, the brain will not, oj course, be idle: Reverberations will be continuing 
from the previous moment's visual (or nonvisual) sensory stimulation, and from what- 
ever cell-assemblies had just been firing before S, fell on the eye. Let Co represent all 
the cell-assemblies that happen to be active at T,. Their firing will facilitate the firing 0. 
other cell-assemblies, as we saw in Figure 4-26D, Suppose that C, and X, are the cell- 
assemblies that Co would facilitate. Of the three possible sets of outcomes (Xs, Y» and 
Ci), only С, would receive suficient converging excitation to be fired and, in conse- 
quence, the observer would perceive a "black-corner-pointing-left." — 

Similarly, at the next fixation, Fı, the new pattern of stimulation falling on the Jove 
о] the eye might facilitate two cell-assemblies (among others): C: ("black-inside-corner- 
facing-left") and Y, (“white-corner-pointing-right”). At. this moment, T, C, will just 
have been fired by the events described above. If C, facilitates С, rather than ¥,—that 
is, if the observer “expects” C—the momentary pattern of stimulation (Si) and the on- 
Some cortical processes (C,) will both combine to produce the perception of "black- 
Inside-corner-facing-left" at fixation Fı. As the observer continues to scan the object, ue 
p cortical processes set up by successive € 

lions will select the cell-assemblies 10 d 
seen at later fixations, and a smooth an 
consistent sequence of these elementary 
edges and corners will constitute the we 
ception of the entire object—in this case, 
а black vase. 

This description of a sequence of 5 
lion of alternative | cell-assemblies 
Hebb) is plausible in broad outline, 
it is still too vague to make usable pre- 
dictions about how objects will be Жа 
ceived. Most particularly, it makes к 
Provision for a very important principle 
that appears to govern this process of selec- 
tion, the minimum principle, which We 

A shall discuss in the next chapter (ЁЁ. 87- 
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between the appearance of a map or a circuit diagram before and after we 
have learned about such matters—all of these seem to guarantee that such 
effects exist (see Figure 4-28E). 

There are many different kinds of perceptual change that can be demon- 
strated and a number of these that have been the subject of particularly 
vigorous research are surveyed in Figure 4-28. Few even resemble a simple 
process of association at all closely, and none of them offer the kind of knowl- 
edge about perceptual learning that would be needed to make the empiricist 


theory more than a vague hypothesis. 
What can we conclude about the empiricist theory of perception? 


Many of the issues raised by the structuralist enterprise remain active 
today. In most cases, their importance used to rest on a theoretical structure 
which, as we have seen, is now quite discredited. In consequence, though this 
is not always recognized, these questions are today quite different from their 
UM formulations. The controversy about empiricism is a good example of 
this. 

Do we see space (or shape, or direction) innately, or are such perceptual 
abilities learned, as the empiricist argument maintains? At first glance, one 
might think that the question would be simply settled. On the contrary, it 
entails extreme subtleties, and almost any sweeping statement made about 
the relative contributions of nature and nurture today is bound to be prema- 
ture and irresponsible. 

But this in itself tells us something about the problem. If the two alter- 
natives offered clearly different predictions about perceptual abilities, or about 
the extent to which those abilities are educable or modifiable, they would be 
simple enough to separate and test. If, for example, the existence of an innate 
basis for space perception meant that perception would be fixed and un- 
modifiable, or if a learned basis for perception meant that it would be modifi- 
able or educable (so that we could raise different people to perceive in different 
ways), then we would also, by the same token, have the basis for distinguish- 
ing between these two alternatives. Unfortunately, the issue is not so clear- 
cut. It is perfectly possible that perceptual learning occurs in very early 
infancy, and resists further modification or relearning; at the other extreme, 
we might be born with a full set of perceptual abilities that are, although 
innate, subject to continual change and education. With this in mind, the 
difficulty of deciding the nature-nurture issue becomes evident. But a further 
question then comes to the fore. If no such clear-cut alternatives attend either 
a nature or a nurture picture of perceptual development, under what condi- 
tions does this become an important issue? 

Western tradition and common sense both incline toward an empiricist 
view. What conceivable innate mechanisms could explain space perception? 
Isn’t it easier to imagine that this ability is learned? Not necessarily. What- 
ever the effects of learning may be, they must consist of changes in the nervous 
system, so that after the learning has occurred, the nervous system has a par- 
ticular wiring, or set of interconnections. There is no reason why, as a result 


67 


Perceiving 
Objects 

as Structures 
of Sensations 


x 


) 
Test figure Inspection figure 


Figure 4-28. Recent 1® 
search in perceptual enm 
Several varieties 4 
perceptual change are Es 
rently receiving G Б ib 
deal of attention, par! i 
because they seem 10 Ne 
fer the hope of и 
grips with the funda "s 
tal problem of percep 
Tesi learning. ; 

‘ (A) Adaptation, 

effects, and successivi 


osite 
prolonged viewing of any color produces an afterimage of the аре 


prors, 
E Е " е. 
TH » contribute disproportionately to what we 02. рех 
similar ajter-effects ој prolonged viewing can be demonstrated for such © " 


jon in 
ч (2), and motion (3), and for yop 
haptic space (the Space we know throug Ó . Do his 


Inspection figure 


after’ 
e con- 


- Mera L saillie PN 
— —— — 


tion will usually now appear to be iiri. | 
between the right-hand set of parallel lines, These results suggest that сот 
previously satiated by other contours. 
ion, increasing up to а maximum, and 


test figure is moved away from the satiated zone 
Kohler and Wallach). 
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seconds, when you then fi: 


ght is a test-figure, at left an inspection figure. I | 
on screen that will restrict your vision to the 60 | 
ye up and down the inspection figure jor atout 

xate the test figure, it will appear to curve ™ 


Test objects, зе} to parallel, Inspection object over which hands are Test objects set to apparent parallel 
befere "satiation" moved afler “tise | 


opposite direction. What was initially curved now looks less so, and what was 
| initially straight now looks curved. Similar shifts will occur if the inspection figure 

is a tilted line, an angled line, and so on. In each case, the test figure will appear 
changed in the direction opposite to that in which the inspection figure differed 
from it (Gibson). 

A single mechanism will probably not explain all these visual after-effects, since 
the contour-repulsion explanation depends on fixation (and in fact can be obtained 
in the complete absence of eye-movements (Krausskopf)), whereas the shape- 
contrast phenomena occur with free eye-movement, ond some varieties actually 
require voluntary bodily movements by the observer in order to occur (see 
below). Furthermore, there are very similar after-effects that depend on motion 
by their very nature (see B), in which a contour-repulsion explanation therefore 
seems completely inapplicable. 

(3) Kinesthetic and proprioceptive after-effects. Even more dramatic after-effects 
occur in the tactual-kinesthetic perception of shape and position. A blindfolded 
observer who rubs his hands back and forth across the inspection object obtains an 
astonishingly large after-effect when he then adjusts two testboards between his 
hands so that they feel parallel, These after-effects can certainly not be attributed 
to any conceivable set of sensory receptor neurons, since whole muscle systems are 
involved. Instead, the after-effects occur in а space that transcends the individual 
tactual receptors arid kinesthetic receptors which are stimulated during the inspec- 
tion period (Gibson and Backlund). This is called haptic space, the space we learn 
about by touch, kinesthesis, and proprioception (see Figure 4-9). 

(B) Changed relationships between the sensory modalities. The relationship between 
different modalities, such as vision and kinesthesis, readily changes with practice 
or adaptation. The relationship between visual up and down, and the “meanings” 
of these visual observations with respect to the body image (p. 44), can be at " 
least partially upset and relearned—for example, by wearing inverting spectacles. 
Within the course of a couple of weeks, the observer can even ride a bicycle; after 
removing the glasses, the world now “looks upside down” for a while. Some of these 
visuomotor adaptations are dramatic, and clearly involve changes in vision itself; 
after adapting to spectacles with split-color lenses, the world looks yellow when 
you look to the left, and blue when you look to the right . . . after you remove 
the spectacles (1. Kohler). 

These changes in relationship between vision and the body image require co- 
| ordinated action and vision in order to occur. An observer wearing distorting 
Spectacles will obtain no adaptation while watching his hand move, passively, 
or while being wheeled around in space (Mikaelian and Held). To what extent 
these cre changes within vision itself, and to what extent these effects are due to 
alteration of the body image alone (see Figure 4-9), are questions that are not yet 
answered. In any case, these phenomena are the closest approach to anything like 
a process of association in perceptual learning. 

(C) Selective recognition of alternative "organizations." Many situations are am- 
biguous, in that ше can observe several quite different shapes. Our previous experi- 
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uf millions of years of evolution, the individual cannot be born “prewired,” 
that is, born with whatever connections are necessary to perceive tridimen- 
sional space when presented with the appropriate stimulation. We will discuss 
one of such possible mechanisms later (p. 88). 

The fact is this: that one can find empiricist “explanations” of almost any 
perceptual phenomenon, at our present state of knowledge—even explanations 
of two mutually exclusive outcomes (see p. 62). If the same theory predicts 
that one object, A, will look nearer than another, B, and it also predicts the 
reverse; We really can’t use the theory. Such explanations are useless for pre- 
dicting what we will perceive in any specific situation, as well as invulnerable 
to refutation. 

The problem is no longer a broad, philosophical issue, inviting amatedr 
opinion. Instead, it has become a tangled, technical question which is inter- 
esting mainly to physiologists and to students of growth and development. 
It is certainly no longer the central issue in the study of perception as such. 


We have come to the end of any consistent attempt to build up the per- 
ceived world out of simple sensations that correspond to simple elementary 
physical variables. Next we will try “higher” units of analysis: figures, edges, 
angles, and surfaces, both stationary and in motion. Whether some of these 
are innately *prewired," or are put together in infancy by the formation of 
of cell-assemblies (Fig. 4-26), is still very much an open question. 


In this chapter, we applied what we know about the appearances of very 
Simple stimuli to the perception of more normal and more complicated 
happenings. 

Thus, in Chapter 3, the unit of visual response seemed to be the sensation 
of a point of light, whose apparent color and position depends on the stimulus 
and on where the stimulus triggers some retinal receptor. Normally, of 
course, the scene we face stimulates many thousands of retinal receptors; 
does what we see, then, consist only of the aggregate of the sensations pro- 
duced by those receptors, only of a two-dimensional mosaic that varies in its 


71 


Perceiving 
Objects 

as Structures 
of Sensations 


Perceiving 
Objects 

as Structures 
of Sensations 


B ее 
hue, saturation and brightness irom опе region to the next? Don't we also $ 
shapes, distances, motions, facial expressions? 

The answer explored in this chapter is that in fact we don't see S 
distances, or motions, at all: that we only see points of colored light we 
ous arrangements, but that some of these arrangements have the We 5 
of nonvisual sensations strongly associated with them. Керк see 15 
theory, when we look at an object—say, an apple—what we actua die. 
only a red patch: If the apple is near, the red patch is large, and Me e pat 
that our hand need only reach out to touch it; if the apple is far, t a steps 
is small, and we remember that our legs had to make some number bee 
before our hand would touch it. The size of the red patch has thus alking 
a visual "cue" that brings to mind those memories of reaching and W there 
that comprise the apparent depth or distance of the apple. Of к. dis- 
are many other depth cues beside Size (such as perspective, hp s 
parity), and there are many other kinds of nonvisual memories Ва feel, 
be aroused by the visual sensations (the apple's tart taste, its smao 
and so on), but the basic theory (structuralism) has been Шины = 
multitude of different things and happenings we perceive are simply comP 
of the sensations and of the memories of previous sensations. tudy of 

Tf we could accept this structuralist theory wholeheartedly, the 5 Fe 
perception would rest directly on a set of fundamental eleme 
sensations that are discovered by the procedures of sensory psychoP dies 0 
tais in turn would give a clear purpose to those procedures, to the stu 
simple stimuli. ear a5 

Unfortunately, it is easy to show that complex stimuli do not Ara par 
we would expect them to be perceived from the ways in which pe y 
appear. The same patch of light that is one color when viewed зер, айу 
looks very different when it is surrounded by light of another color. Si hat We 
for shapes, sizes, motions: АП frequently appear quite different from ex vari- 
should expect from this theory. These differences may be classed unde the 
ous headings (such as the Perceptual Constancies, the Illusions, 4P rned 
effects of Organization), but they all add up to this: that what we have lem 
from sensory psychophysics will enable us to predict with assurance how 
the very simplest stimuli are perceived. 

The study of our sensor 
give us wholly satisfactor 
more complex objects an 
in the next two chapters. 
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in P er ception In Chapter 3 we saw that 
the physical stimulation which reaches our sensory organs 
from the objects and events around us can be completely 
analyzed into a relatively. small number of elementary 
physical variables, and that these local stimulus variables 
appeared to produce correspondingly elementary sensations 
(or simple observations). In Chapter 4 we saw that many 
problems arise when we attempt to use this knowledge to 
predict how entire objects (instead of elementary physical 
variables) are observed. The classical remedy was to in- 
voke our past experiences to explain these discrepancies. 


This complication is frequently unnecessary as we shall see. 
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discrepancies of color, size, and form—the constancies and illusions 
organizations which we encountered in Chapter 4. 
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Figure 5-1. Relative inten- 
sities and relative whiteness. 
(A) On the left, disc (1) set 
at 100 mL (millilamberts, 
which are units of light- 
energy, or luminance); 
on the right, disc (2), with 
variable luminance. Each 
disc is surrounded by a 
ring of light in an other- 
wise dark room. The ring 
around disc (1) is kept at 200 mL; the ring around disc (2) is set at 50 mL. At 
what setting will disc (2) look exactly as white as disc (1)? Not at 100 mL, but at 
25 mL! The two discs are certainly not equal in physical luminance at that setting; 
in what way are they equal? The discs appear equally white when the ratio of 
Surround-luminance to disc-luminance is equal for each disc. Thus, if we increase 
the luminance of disc (2) as shown on the horizontal axis of graph (B), but are 
careful to increase the luminance of the surround at the same rate so that the 
ratio of surround-luminance to disc-luminance is kept constant (the straight line 
A in graph (B)), the whiteness of disc (2) also remains constant and equal to 
the whiteness of disc (1) (Wallach), 

1] we now assume that the stimulus variable which determines perceived white- 
ness is not the absolute amount of light-energy at all, but is instead the ratio of 
light-energy of adjacent regions in the field of view, the phenomenon of lightness 
constancy (p. 50) becomes considerably easier to understand, since the ratio of LJ 
intensities of light reaching the eye from each of several objects is in fact constant, 
regardless of changes in the illumination, as long as the reflectance of each object 
remains constant (see Figure 4-15). 

(B) Although we can thus tell better how white an object will look by consider- 
ing the ratio of its neighboring regions’ luminances to its own than by considering 
its absolute level of luminance, this simple ratio is itself only successful for certain 
ranges of luminance. For different luminances (and for different arrangements 

of the lighted regions), 
maintaining a constant 
ratio of luminances for 
disc and surround по 
longer assures us that the 
appearance of disc (2) will 
remain constant (as shown 
by lines В and С in the 
&raph) (Hess and Pretori; 
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Figure 3-10 (p. 23) and Urt oFlumirence af Dise Zat which 


@ scheme which should ac- д a 
count for whiteness con- Disc 2 appears equal to Disc 1 


Stancy as well as for color 


Contrast (p. 55): The в UN 
whiteness response l Cm Experimentally obtained —————————— 
bart of the visual fie Predicted by simple ratio hypothesis — --—-- — 


Predicted by induced-opponent hypothesis = — — — — —. 


Higher-Order 
Variables 
in Perception 


such as disc (2) would be 
the sum of two отин 
nents: a direct compone 
which is the effect of t а 
stimulus energy falling 
that region of the re 
and an indirect or indus 
effect, which is Prop ў 
tional to the amoum P 
the whiteness response E 
the surround, but is opp 

site in sign (ihat is t 
induced response is Er 
if the surrounding s 
are white, and n d in 
€ graph show, the equations that are base m 
Paragraph) fit the results of whiteness-matching exp 


As the dotted lines in th 
Proposal (see mext 
quite well, 

Tj Ri is the over- 
luminance of the disc 


ч d on the 
all whiteness response in disc (1), it would. д 
› Sı- and on the response, R., in the surrounding ri 


Ri = (5) — k(R,) 


Similarly, the res 
the surround, Sa, 


n of 
ninance 
ponse in the surround, К,, would depend on the lun 


and the amount of the response in the disc: 
К. = (5.)% кВ.) 


161655 

The constant, К, determines how much the surround affects the apparent one e 
о} the disc (and vice versa), and this value decreases as the distance betw 

interacting regions increases. erms 

(C) Can we reall : 


оп, 
p 4 зс illuminati! 
ientation of a surface to the source of its illu ht-energY 


k like 
К у, тау 


an upright trapezoid їп gla 10 


look like а horizontal squa: 
change its apparent spatial о 
stick behind X), it become. 
reaching the eye has not c 


waving 
rientation from (3) to (2) (for example, bY Шш ight 
the 
ve 


EIFE f. Ў arc 
ject is by taking into account its PP ye 


) slant 


р not 
as it should were unconscious inference the basis of the phenome 


effects has not yet been found. 


of the size of one imag 


on the retina relative to the sizes of th mages. This is called 


€ other j 


26 - 


| 
| 


relative size of the stimulus, The structuralist approach assumed that our 
nervous systems are responsive to the absolute sizes of the retinal images, and 
that any departure from this simple relationship is to be explained either 
by our knowledge about the real size, gained through our familiarity with the 
object, or by our calculations which take the object’s distance into account. 

As we saw in Figure 3-3 and on p. 56, there is a simple trigonometric rela- 
tionship between size and distance. For a given size of visual angle, if the 
absolute size of the image is measured by angle 0, then tan 0 = 5/0, where 
S = the physical size of the object itself, and D = the object’s distance. If 
we know the visual angle, or absolute size, and the distance of the object, we 
might calculate its physical objective size. Conversely, if we know the visual 
angle, or absolute size, and are familiar with the object’s physical size, we 
might calculate its distance. 

This introduces still another term: familiar size. In terms of Berkeley’s 
original assumption, every familiar object is considered to have some assumed 
or familiar distal size, which has been obtained by previous knowledge of the 


Figure 5-2. Colored shadows and “full-color” pictures from "one color.” (A) Light 
of 650 millimicron wavelength is red in hue (p. 21); light of 530 ти appears 
green. A shadow (3) cast by such red-hued light of 650 mu(1) looks green, even ° 
though no light of 530 ту is present. The apparent hue of the shadow region (3) 
is determined by its relationship to the surrounding "red" region (2), not to the 
absolute wavelength of the light coming from the shadow itself, and simultaneous 
color contrast, or induction, occurs (see 2. 55). (В) If a slide of colored objects, 
photographed through a red filter, is projected on a screen in red-hued light (650 


mu), and another slide, 
photographed through a 
&reen filter, is projected in 
Precise superposition in 
white (unfiltered) light, 
&reens, blues, and yellows 
appear on the screen, as 
well as reds (Land). Can 
you explain why the green 
appears? How about yel- 
low? blue? orange? (see p. 
23). 
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One experiment whic a 
quently quoted in ag 53. 
miliar size is shown in gr ad 
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z mate the distance of кї. Ec 
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tance cues, the estimated 2 
were found to be approP 
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Figure 5-3. Familiar size. (4) Only Y 
is a normal playing card; X is twice 
normal size; Z is half normal size. All 
are at the same distance from the ob- 
Server, but the base is hidden by the 
Screen. Viewing all the cards at once 
monocularly, observers judge X 
nearest and Z furthest, 


Y's distance, Z seemed Lun : 
distance. Does this po amili 
strate the operation of 

Size cues? Not at all. 


to be 
with Y appear- 


В iment fails com: 
ing halfway between (Ittelson and This experim hé propose 
Kilpatrick). Does this imply that we pletely to separate t 
perceive each card to be normal size, 


e from ч 


and distribute them in apparent space 
in ways that will be consistent with 
their retinal sizes? Consider the next 
experiment. (B) Viewed one at a time, 
the cards yield no consistent differences 
as to the distances at which they are 
judged to be (Gogel, Hartman, and 


operation of familiar E that 
strong higher-order varia а 

of relative size (ог = pt t0 
images’ sizes). If we at size С 
separate the two, relative 5 crate; 
easily be to: OFF 


shown non yet 
ove Я S 

Harker; Epstein et al.). What other dis- whereas familiar size һа: ife -4). 

tance cues might have been working in been shown effective (Fig ex 

(A) that are not Present in (B)? If we repeat the playing-car ont 

Бас 1 

periment but with оту only 

card present ata time, relative size as a distance cue, is removed, an ards 
familiar size remains to produce difference: i 


in the apparent distance 
discredits the simple abs 


or texture. If we take the number of eleme; 


nts of 
by an object, i, to be Тү, and the number с 


Overed 
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Figure 5-4. Relative size 
and size-ratios. (A) At (1), 
the man and boy are the 
same relative sizes and the 
Same retinal si: but dif- 
ferent familiar $ (that 
is, the familiar size of a 
man is about six feet, and 
о] a boy about three feet); 
at (2), both boys have the 
same familiar size, but dif- 
ferent relative sizes. In 
which pair is there a more 
pronounced and stable 
depth-difierence? When all 
relevant factors (for in- 
stance, left vs. right) are 
controlled, the difference in 
depth between the two sides 
is strong at (2), and ab- 
sent or weak at (1). What 
does this suggest concern- 
ing the experiment in Fig- 
ure 5-31? (B) This experi- 
ment is directly analogeus 
to that in Figure 5-14 In an otherwise dark room, 
standard line (1) (say, six inches in length), then judges whether the variable line 
(2) appears to be of equal length. The two lines are judged to be equal when line 
2 is between three and four inches long (sce Rock and Ebenholtz). To what variable of 
stimulation does this judgment corres pond ? 


~~~ Tine 1—6” B 


an observer first views the o 


the ratio of these two numbers, T\/Tu, provides a higher-order variable of 
stimulation that should usually be in perfect correspondence with the actual 
physical sizes of the objects. That is, it is possible to find variables of stimu- 


Figure 5-6. What is constant in size con- 

stancy? Surfaces usually have reasonably 

< uniform textures; that is, the average 
size of the surface irregularities of the 

surface is the same from one region 

to another. Ij the stimwlus variable 

$ upon which we base our judgments 
about the size of an object were the 

number of texture elements it covers, 
we would have at least one explanation 
jor the phenomena oj size constancy 


Figure 5-5. Can we observe retinal size 
(p. 51), since this variable will remain 


at oll? Observers attempt to match the 


image size of a normally viewed vari- 
able (V) to a standard that. is viewed 
without any distance cues (that is, 
viewed monocularly and in an otherwise 
dark room). They are simply unable to 
make a match (Wallach and McKenna). 
If observers cannot delect retinal size, 
can familiar size be an effective distance 
cue? (See p. 56.) 


7% 


constant for a given distal object size, 
regardless of the distance from which 
the object is viewed (Gibson). 
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Figure 5-7. Texture-density gradients as informative variables of stimulation. I" ( 
we see why a unif 
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lation that automatically take distance into account, if we accept the pos- 
sibility of ratios as being stimuli to which the nervous system can respond. 
In fact, if we take one step beyond the ratio as a higher-order variable, we 
obtain a revolutionary new picture of the information that is available to our 
aoe we don’t know yet to what extent they can use that informa- 
lon. 


Gradients as Potential Stimuli: 

Toward a Psychophysics of Surfaces 
A stimulus ratio measures 
the rate at which some variable changes between two regions on the sensory 
surface, It is appropriate to pairs of stimuli. The physical world, however, is 
not really characterized by pairs of regions (which is what we have been talk- 
ing about so far in this section) any more than by individual points (which 
is what we discussed in Chapters 2 and 3). We are usually confronted by con- 
tinuous surfaces, by extended objects, by prolonged motions. The rate at which 
some measured property changes over a continuous, extended stimulus is 
called a gradient. 

From Berkeley on, most philosophers, physiologists, and psychologists had 
started With the assumption that we cannot account for our perceptions of 
space in terms of the information in visual stimulation, and had gone on from 
there to try to discover how we made up for this inadequacy. The first real 
challenge to this tradition came from James J. Gibson, who started with the 
inescapable fact that people do perceive space, and concluded, therefore, that 
some kind of information must be present in visual stimulation. The gradient 
of texture density is a particularly promising higher-order variable for this 
purpose. If you look straight ahead at a homogeneously textured surface, the 
density of the texture does not change from one part of the optic array to 
the next, so that the gradient of texture-density is zero; as the slant increases, 
the density of texture changes from the near edge to the far edge, and the 
gradient, or rate of change, increases. Figure 5-7 shows several ways in which 
the gradient of texture-density could provide the observer with precise and 
relatively unambiguous information about the distances, sizes, and slants 
of the surfaces and objects in the world. 

The examples of Figure 5-7 provide an impressive analytical vocabulary. 
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Despite its great 
certain cautions are 
know, for example, w 
dients are combined 
combination are in 
planation is too go 
for the constancies 


portant qualities in 

different kinds of anal 
from matte to glossy. ( 
acquired, have yet been 
variables as elementary p 


E ced ds -density* 
itself has been left Out. Nothing in our description of a texture-den 
gradient allows us to disti 


Perception. with Which 
sensations; the other was to 
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Gestaltist Aims, Criticisms, and Proposals 


The Gestaltists’ general 
aim was to re-analyze our perception of the world. Gestalt means “whole,” 
“configuration,” or “form,” and the Gestalt position was itself something of 
a Gestalt, whose argument really makes sense only after you have gone all 
the way through it twice. The Gestalt criticisms of structuralism run as 


follows. 
A percept is not composed of sensations. “Sensations” are artificial kinds 
1 conditions of the physio- 


of perception that appear only under the specia 
logical and psychological laboratories. Sensations are not elementary experi- 
ences, and consequently all the speculations about independent receptors, and 
about individual specific nerve energies, are in error. For these reasons, the 
precise measurement techniques of sensory psychophysics are likely to be 
irrelevant until we first discover what it is we should measure, and those of 
analytic introspection are utterly invalid. What then should we do instead? 
If we take a new look at the world of perception, unbiased by any struc- 
turalist assumptions, what do we find as the most natural units of analysis? 
In the world of sight—not meaningless tiny patches of light and color, but 
whole shaped regions, set off or bounded by their contours, which appear 
the same whether they fall on one particular set of cells on the retina or on 
another: as you shift your gaze even slightly to one side of the number at 
the bottom of the page, a totally new set of cones is stimulated, yet the shape 
you see remains the same. In the world of hearing—not JND’s of pitch or 
loudness, but coherent sounds and melodies: simply raising the key in which 


you play or whistle a melody alters every single note, yet the tune itself 


remains the same (and in fact the change of key may go unrecognized). In 
nstant, though the points of color 


both cases, the form we perceive remains CO! 
or the musical notes may be completely changed. 


Before we undertake detailed psychophysical measurement, before we seek 


to understand the underlying physiological mechanisms,* we must discover 


the rules that govern the appearance of shapes and forms. 


Contours, Shapes, and Figures. Let us start with the fact that although 
any contour divides the stimulation at the eye into two regions, the shape 
of both regions cannot be simultaneously observed: only one shape or the 
other will be seen at any one moment in time, although they may well alternate 
under prolonged viewing. The side whose shape is visible is called the figure: 
it usually seems to be interposed between the observer and the ground, which 
seems to extend some indeterminate distance behind the figure. Look at Figure 
58A: as we noted in the previous chapter, either a black vase or two white 


e to deduce the true nature of the nervous 
system by speculating about the kinds of physiological processes that might account for 
the ways in which perception is organized. Instead of individual specific nerve energies, 
for example, Gestaltists tended to look for more massive brain processes (analogous to 
forms, rather than to point-sensations), such as direct current electrical flows from one 
region to another. These unorthodox speculations seem unnecessary today, however, 
in view of the tremendously complex picture of the workings of the brain which we 
have seen evolving in the last chapter (pp. 64-67). 


* Several Gestaltist attempts were mad 
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Figure 5-8. The one 
а vase (B) or two 
illustrated їп terms 


wo 
This one-sidedness of а contour—which delineates a shape to only one af a that 
areas it separates—is characteristic of real objects’ edges as well. At (С) , aii in 
as your gaze crosses the edge of the nearer surface, there is an abrupt 2 0 
distance to the next surface, which normally extends behind the nearer One: 


2 og edges 
of sight. Figural contours do not share all the characteristics of objects as 


x $ bei o 5 side 
however, since the Jormer can shift the direction in which they are опе 
you look from one region of th 


«ts? 1665 
€ same contour to another, while real objects 
cannot do so. To illustrate th: 


mn possible 
is difference, trace the lines around the “Pe ods 

object” at (D) (after Penrose and Penrose; Hochberg), or try to see the 

of both a white and a dark bird at (E) (after Escher). 


either 
"sidedness of outline contours and of objects’ edges. At E i 
faces (B) can be seen as figure. At (B), each alter: 1 


to 1" 
of the physical arrangement that would correspond 


ough the point. 


i of analysis, 
times proposed by Gestalt theory, is too large for th 


: * Purpose, ап eally ар" 
propriate unit for the analysis of form has yet to be found, » and that the really 
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ize outlined shapes because we have learned to associate line draw- © 


n we recogni 
lines к} objects! edges much аз we learn 0 
No ти on paper merely learned symbols for the edges of things in the world? 
Бе: 4 child who had been raised without ever having had any opportunity to 

SOciate pictures with either objects or with object names (and who had seen 
very few pictures at all), still could correctly identify the pictured objects shown 
Ps (F) (Hochberg and Brooks). Monkeys who had been rewarded for choosing 

€ line drawing of the tridimensional object (G2) chose the real tridimensional 


object (G3) as against the alternative shown at (G4) (Zimmermann and Hochberg). 


a foreign language at school? Are out- 


1 Moreover, this phenomenon is not simply the result of our having 
learned to associate drawings with objects, that is, of learning that outlines 
stand for" objects' edges: A child does not have to learn specifically to see 
outline drawings by associating pictures with objects (Figure 5-8F)—Aas опе 
might learn a foreign language—and neither do infant monkeys (Figure 
5-8G), so that there is no present reason to consider that the properties that 


contours share with objects’ edges are the result of learning. 


Since a contour can 


Ambiguous Stimuli and the Laws of Organization. 
can we tell 


produce a shape in either of two directions, it is ambiguous. How 
in advance, which shape will be perceived? 

The patterns shown in Figure 5-9 are all ambiguous. Changing the patterns 
in various ways, changes the ease with which each of the alternative arrange- 
ments of shapes is seen. In this manner, these stimuli lend themselves to a 
Systematic study of the conditions which cause one form rather than another 
to be perceived. 

A number of “laws” of organization have emerged from the study of such 
ambiguous stimuli (although they shouldn't really be called “laws” at this 
stage in their exploration). 
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Figure 5-9. Gestalt laws of organization. The patterns on this page are all amis 
ous. That is, you can easily see more than one shape in each of them. By mea 
some change in a pattern and observing how that change affects the relative Wt. 
of seeing each of the alternative shapes, Max Wertheimer, followed bY Y of 
Gestalt psychologists (notably Kofika and W. Köhler), compiled a long aie, 
factors that influence the perception of shape. Five of their most important the 
of organization” are illustrated here. (A) Area. The smaller a closed regis ee 
more it tends to be seen as figure. Thus, as the area of the white cross decre or 
from 1 to 2, its tendency to be seen as figure increases. (B) Proximity. Dols set 
objects that are close together tend to be grouped together. In (1), you ca" er 
either horizontal rows or vertical columns with equal ease. As the dots get eo 
ontal rows emerge as figure; with иде 
5 appear. Examine the enlarged. print of 


measure and test; there are other [а 


1 
а is an intuitive or common-sense manners sb 
which are extremely dificult to define in an objective, measurable fashion. w 
of these challenging factors are shown in (D) and (E j Re 
symmetrical a closed region, 


: е 
p" be seen as figure. Do уон 97 
; or black ile grow 
Which do you see in (2)? (E) Good contin columns om a white & 


е Д 
Е uation. Tha ч gure а?! 
ground tends to be seen which wi the feu derangement of fi 


5 11 
West changes or interruplions 


: cause the percept; me like (22° 
Can you now explain why the number 3 is more eee e А ps than 
at (5), even though there are more: extraneous lines to ранай еа а 3)? How 
does this law contribute to the reading the map at (6)? ‘use you at ( 


Ta of w laws, such as those of area, proximity, and closedness (Figure 

Cmn um ES C) are amenable to measurement, and to quantitative statement. 

(Fi other laws of organization, such as symmetry and good continuation 
igure 5-9D and E), also be treated quantitatively and objectively? 


Simplicity and the Minimum Principle 
Tower А as Laws of Combination 
D xamine Figure 5-9 
- os E, a pattern emerges. What we observe seems to be the simplest of the 
Fie: е arrangements. A more obvious example of this principle appears in 
igure 5-10, Both patterns are equally good views of the same cube. Why 


ah appear in 3D while 2 does not? Because 1 is sim 
mpler as a flat pattern. A pattern thus seems to appear flat 


! 2 


Fi 
nae 3-10. Tridimensionalily as a func. 
(1) ong a onal simplicity. Patterns 
ings of (2) are equally accurate draw- 
sence @ wire cube, yet one is easy to 
the Hs tridimensional cube (1), while 
Why nid remains a flat pattern. (2). 
dr. PEN difference? In order to see (1) 
tridim, at pattern, or to see (2) as a 
the спзіопај one, you have to break 
mak continuation of the lines, to 
eee e figure less simple; that is, you 
PO SEHE the other as 
Pubs ing on which way a simpler 
prs EN ion is achieved ( Kopfermann). 
find Von PE Сы ы principle, if we can 
simplicity. jective way of measuring 


pler in 3D and 2 is 

if it is simpler 

(in some sense we still have to 

define) to see it that way; con- 

versely, it appears to be tridi- 
mensional if it is simpler in three 
dimensions than it is in two. The 
principle appears to be this: that 
our nervous systems organize the 
perceived world in whatever way 
will keep changes and differences 
to a minimum. $ 

Let us now return to Leonardo 
da Vinci’s depth cues, with which 
we started the whole problem of 
combining perceptual parts into 
the objects and events of the per- 
ceived world (pp. 34ff). How do 
these depth cues fit this law of 
simplicity, this minimum prin- 
ciple? 

In Figure 5-11А, each of the 
cues (with the exception of fa- 
miliar size, which is not a very 
effective cue, anyway, p. 78) ap- 
pears to be explainable as a special 
case of the minimum principle in 

cue at 1, isn't it simpler to see three 


Operation, In response to the relative size 
equal rectangles at different distances -(1”) than three unequal ones at the 
same distance (1^)? In response to the linear perspective cue at 2, to see an 
equal-sided square flat in the plane of the ground (2”) rather than an up- 
right trapezoid (2)? In response to the interposition cue at 3, to see two 
Squares, one before the other (3”), rather than an inverted L and a rectangle 
in the same plane (3’)? If we were willing to accept the minimum principle as 
being innate (or acquired very soon after birth *), then at least some of the 


* Remember that, at present, there is very little difference to the perception psy- 
chologist between “innate” and “learned-in-very-early-infancy.” See p. 71. 
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Figure 5-11. The de, 
picture using four monocular depth cues: 


pth cues as cases of organizational simplicity. (A) A simple 
(1) relative size; (2) linear perspec в 
texture-density gradient. (B) Compare each cue a 
апе (column I) and as the tridimensional arrange in 
- Which seems simpler in each case, the arrangemtn" tic 
(1) or (II)? Tf organizational simplicity were an innate operating characters 
what would this figure imply about depth perception? 


complexity as two-dimensional patte: 


rns. W] 
from one shape to the next? hat 
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Suppose you had to tell someone how to construct each pattern. In éach 
case, the amount of information you would have to give him would increase. 
How can we measure this information? There are many kinds of physical 
measurement we can make, which will be different from one shape to the 
next and which would seem to be related to simplicity of organization. The 
problem remains this, however: to discover which measure, out of all the 
Possible measures of shape complexity, predicts which of the alternative 
shapes will in fact be perceived. 

In order to answer this question, we need a special set of tools. We have to 
find some kind of stimulus pattern that produces two clearly different alterna- 
tive perceptual organizations, and’ that will permit the complexity of one of 
the alternatives to be systematically varied, while the complexity of the other 
alternative is kept constant. In this way, we will be able to study the psy- 
chophysical relationship between some measure of the complexity of each 
alternative form, on the one hand, and the strength of the tendency to see 
мене form, оп the other. The kinds of reversible-perspective pictures shown in 

igure 5-12A provide us with just such material for studying the psycho- 
Physics of form, since the flat, two-dimensional shape varies from one figure 
to the next, while the solid three-dimensional form remains the same for each 
member in the series. Thus, each pattern in Figure 5-12A can be described 
either as an arrangement of flat shapes or as a three-dimensional object. The 
iur any 2D arrangement, the more we should tend to see that picture 
t D; conversely, the more complex the 2D arrangement, the more we tend 
9 see it as 3D (since the 3D form must be the same and, therefore, of iden- 
tical simplicity, for all views of any object). As the number of angles, the 
number of continuous lines, and the average number of different angles in- 
Crease in each pattern, the tendency to see the flat arrangement decreases and 
the apparent tridimensionality of the form increases,* although there are 
almost certainly other factors as well that we have not yet found. 

We seem to have made a first step toward discovering and using objective 
measures of the minimum principle, and toward bringing the Gestalt laws 
into quantitative and measurable form. A psychophysics of shape and form 
now seems to be as possible to achieve as does one of lightness and color. 

The problem of organization is much larger than that of predicting the 
appearance of ambiguous pictured shapes and forms, however. Discovering 
Ways of measuring simplicity of organization becomes even more challenging 
when we extend our interests to include the perception of motion and of forms 
other than those of drawn or printed pictures. 


The Psychophysics of Form in Motion. If the concealed bird in Figure 1-2C 
Once moves, it snaps into visibility. The views of Figure 5-13 come to life, 
and move compellingly into the third dimension as they follow each other in 


*The measure of 2D complexity used in Figure 5-12B is obtained as follows: C. 
= [a + d + 2(c)], where С‹ = the relative 2D complexity of each pattern in a family 
of patterns; а = the number of angles within that pattern, d — the average number of 
different angles, and c — the number of continuous lines. Each of these variables is scored 
On a 0-10 scale, in which the value of 10 means that the particular pattern being scored 
has the highest number, on the variable in question, of all the members of the family to 


which it belongs. 
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Figure 5-12. Measuring simplicity: information and organization. So far, 


dU he 
relied on intuition in order to decide which of two organizations is simpler. T 
objective and quantitative measurement of organizational simplicity ОВЕ ems 10 
the most challenging problems in the study of perception today, эсе ie н begin- 
be the key to а great variety of other problems. Its study, however, is jus ed in 
ning. (A) The different views of each object in (1) through (4) are аб Š 
order of increasing tridimensionality in each row. According to the hypothe less 
Figure 5-10, this means that the two-dimensional alternatives must be e 
simple and more complex as we read from left to right in each row. What т MEUS 
able physical characteristics of the patterns in (1) through (4) increase 
move from left to right in each row? les. 
(B) The number of interior angles, the average number of different ang ud 
the number of continuous lines, can be combined to provide a fair meas es for 
complexity. In the graph, the horisontal axis shows the complexity gore? 
each oj the 2D (two-dimensional) patterns in (A); the vertical axts «йон 
apparent tridimensionality of the same patterns, as they were judged by § 
of observers (Hochberg and Brooks), n pro- 
(C) Two closely related measures of figural simplicity have recently bee her 
posed and used by Fred Attneave: One method requires subjects to guess v They 
each successive square in a sheet of graph paper is black, sohite, or dus ike, 
are given no advance information about what the correct pattern (1) a 13 
only whether they are right or wrong on each guess. Subjects made pner woul 
26 errors for the entire sheet о] 4,000 squares—immensely less than Du their 
have made kad they been guessing at random on each square. Where di 
knowledge come from? some 
Having discovered one part of the figure, a subject could then make pes 
Pretty good guesses about the remainder, since areas are compact, lines and 5 
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HE ны or reproduced, In (2) is опе of a number of outline shapes that 
аи (е asked to reproduce as closely as possible, using only 10 dots to repre- 
Jrequenits = The small arrows point to the places at which subjects most 
O chouse to place the dots: the strategic bends and curves where the 
Other тоз different from а simple, straight predictable line. 
simpler a e equal, the fewer the bends or angles (and the fewer the lines), the 
ug, Са the more predictable the shape. This kind of measure of simplicity 
Sus ds for problems of shape-identification or communication, so that it 
[ed kë a little removed jrom the problem of figural organization as such. 
app er, we have seen in B that a very closely related measure oj simplicity did 
ear when we attempted to predict the relative jrequency-of-appearance of 


ali Н 
ternative figural organizations. 


а The door swings open іп А; 
‘apid succession, apparent motion occ 
arrow, flipping through the third dimension. 


vites 5-13. Shape and motion. (A1) Five different shapes, or a door of constant 
ape swinging through the third dimension? When these patterns are viewed 
tant shape of the door and its path 


сд as in a motion picture, the cons 0 ‹ 1 

ЖЕЕ &h space are equally and overwhelmingly compelling. Flip the right-hand 

(8) from here to p. 99, as shown in (2), looking at the marginal figure (1). 

ae ad x alternates with Y, we could see two different shapes in different places 

a rie intervals in time, or we could see a single constant triangle, turning 

aD L rough the third dimension, as shown by 
ernative predominates. 


agant 


the solid path (1); this latter 
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А ights move 
The perception of alternative motion organizations. (A) Two lig 
at right angles to cach ot 


treating from that point 


Ў ing sel 0 
angle (Figures 5-1 and 5-5). Instead, the jm 
motions are perceived predominantly; (B) The lights appear to ay moves 
retreat from each other along the diagonal (X Y); the diagonal path Hle Johans- 
up and down along the direction (Z), although this is not very noticeable 


Ў t 
3 simples 
son). Flip the pages of the book to visualize the resultant. motion. The 
relative motion is what we see. 


at 

We saw in Figure 5-12B that whether a stimulus-pattern will appe Pe 

Ог solid depends on the relative simplicity of the alternative мар. er 

Don't these motions follow the same principle? In some sense, isn't it sl as 

to see a single unchanging triangle rotate from X to Y in space, in Figu d 
13B, than to see two different triangles at two different positions? Once a£ 


0 
we can neither accept this intuition nor reject it until we have some way 
measuring simplicity. 


Suppose that two lights in a 


Yı, Үз. What will we see? Not the 


А - 5 frame 
A › next, with this as a 
of reference, we see whatever motion (vector 2) 


У, against t] 
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Whatever А : 
component motions remain left over, furnishing the relative mo- 


tions of the parts.* 
PE era hat arrangement of motions is perceived which entails the least 
attempting ees Not all changes are to be weighed equally, however, in 
avoided than apply this principle. Certain kinds of change are more to be 
meant by ai ers, and this is important in an attempt to define what is 
rigid as pos n icity. Our perceptions of objects remain as constant and as 
{б aim ba T In Figure 5-13 we perceive whatever motions ате necessary 
the len е oor to remain a rectangle, or to allow the triangle to retain 
Tha and positions of its sides unchanged. 

"rs Een stationary view of any object 1 
üt thee igure 4-4. Many distal stimulus-objects can produce the same image 
new ^ ds On the other hand, with each successive view of a rotating object, 
differe ormation has been presented to our perceptual system. How many 

nt rigid, constant objects could produce at the eye the same sequence 


5 those in Figure 5-15A1 and 2? 


is ambiguous, as we have 


* 
be csse movement of any part therefore determines what common motion will 
(or the ] two movements are the same in other respects, the one with the shorter path 
withi ower velocity) determines the common motion, forming the moving framework 
n which the remaining motions occur; if two or more component motions are equal 


in а : E 
magnitude and direction, they will appear as à single motion. 


effect. (A) Each view 
s either a flat pattern 
individually, different 


Fi 
igure 5-15. Organizational simplicity and the kinetic depth 


v s cube at (1) is ambiguous, in that each can be seen а. 
Sui a: tridimensional cube. Each of the triangles at (2) is, i e 
А flat-appearing. However, if these are the successive views of а rotating 
simple опе could still see а succession of changing flat patterns, but 1-15 much 
s кэ Lo see a single rotating tridimensional object, of constant shape, and this 
nee at one sees (Wallach and O'Connell). Flip the pages from p. 91 to p. 99, 
ЖОШ, T marginal figures (III) and (IV). (B) If views (1) through (5) were 
of 5 + in succession, you could see а set of roughly rectangular patterns, in each 

rangements ( marginal figure V) (Gibson). What is the simpler alternative? 


| 


O'Connell. The kinetic depth effect. J. exp. Psychol., 19. 
Higher-Order 
Variables 


à i hen they 
In consequence, objects whose spatial forms are ambiguous w. 


ч ; hen 
are viewed while they are stationary usually spring into three wu 
they are rotated. This is called kinctic depth effect.* Күн; of a cube 
though, some ambiguity remains. At least theoretically, шера obable set 
rotating in Figure 5-15, one might be confronted by ае he by a 
of sticks which grow and shrink and change their relative positions NE Cu 
movie of a rotating cube, which is itself а set of flat pictures. queni E ES 
tions in the optic array are usually caused not only by the moveme 


is change 
jects, but also by the movements of the observer as well. How does this 
matters? 


TOWARD A PSYCHOPHYSICS OF $РАСЕ.РЕНСЕ? 
DETERMINING THE PER 


CEPTION OF 
WORLD FOR A MOVING OBSERVER 


THE 


ted 
When the study of perception started with pure sensations and АГ 
to build up from these to an understanding of our perceptions of the p abou 
world, there seemed to be no way to gain unambiguous map igo sha 
the world of objects, Space, and motion by means of our eyes alone. from the 
now see that, if we consider the higher-order variables which result fr 


: unam- 
Observer's own motions, the stimulation at the eye is completely 
biguous—at least in principle, 


Berkeley " Refuted" 


А Је 
A single view of € 
object may be ambiguous, but successive presentations reduce this am per e 
Similarly, as we start to assemble a number of different objects into ee T 
static scene, one spatial arrangement becomes more economical than bo 
the alternatives, In Figure 4-3B, the relative size difference hene the 
1 and 2, the convergence of the lines, the interposition of cards 4 and 5, 


NOS г : ene 15 
texture-density gradient—all of these are individually simpler if ee 2 
perceived as а whole, for, collectively the economies of each reinfo 
others. 


If we now add the effects 
tional economy of seeing о 


› Once we let him determine 
own movements. 


5 
Imagine a row of fenceposts viewed from one end, as in Figure 5-15B- А 
you walk past it to the right, you will Bet successive views 2 and 1; as y of 
walk past it to the left, you will get Successive views 4 and 5. A successio. 
Such views could give you visual information about where you are look 


* Moreover, once having been endowed with Spatial form by the kinetic depth eie 
а pattern that previously had appeared to be flat wil Subsequently appear solid (thi 
may be important to any theory of perceptual learning). (H, Wallach and D- 
48, 38, 310-324.) 


їп Perception 
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from within the scene, and how you are moving around in it—as long as you 
assume that the objects are fixed and rigid. 

Now add to this the fact that you cam ckange your view at your own 
volition. As long as you were forced to sit passively, there is no way, in prin- 
ciple, that you could distinguish between the succession of scenes shown in 
Figure 5-15, which might be the successive frames of a movie film, and the 
change in viewpoint (called motion parallax) which would result from e 
motion in a real, three-dimensional world. If, on the other hand, you are free 
to walk left and right, or to move your head around, there will be changes 
In the optic array which are precisely tied to your voluntary movements, їп 
the case of a real fence in real space, but which would not occur in the case 
of the movie. If you are free to initiate this visual feedback (the change in 
the optic array which results from motions which were made by the observer 
himself), then it becomes difficult or impossible to fool you about the world. 

Does this imply some sort of unconscious inference (pp. 56ff.), some sort P. 
figuring out what the true state of affairs is? Not necessarily. Танер 
higher-order stimulus-variables in the normal world of the moving observer 
to which these perceptions may correspond. 


" 
Figure 5-16. The optical expansion pattern received by а moving observer. (4) a 
the book at about arm’s length with one hand, and hold Mg: VAS Vs 
Other hand so that its width just fits between points (X-X') at (1), and as Ut. 
trated at (2). Next bring the book toward your eyes, as smoothly ong, ed 
as possible. What happens to the visual angle subtended by 15 cm fo the 
Points (X) and (X')? Repeat this procedure, but this time pay апе 

relative change in distance between (Y-X) as 
Compared to (X-X'): The distance between 
Points in the optic array expands аз you 
“proach the surface which contains those 
Points. (B) The pattern with which the dis- 
tances between points expand and the rate at 
which the expansions occur offer information 
about the observer's distance from the surface, 
how fast he is approaching or receding from 
i, at what angle he is traveling with respect 
to it, and where he will collide with the surface 
if he continues to approach it. The "fot 
Pattern” created by the points in а surface 
which is being approached along a 45° path 
15 shown here; the directions and lengths of 
arrows show the direction and rate of expansion, 
respectively, of each point in the oplic array 
(after Gibson et al.). 
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Figure 5-17, 
(A), the optical expa 
X is hor 


t 


_A 
Flow patterns for different elementary movements of the observer: r 


0 
‚ at (C), the view you receive. DEC. 
» at the point shown (out of the vu the 
t at which you would hi wary 
he expansion pattern. Such dene 
eet th which to analyze the optical wat 
ments and positions in r Gibson). At (D), we see the s. 
i : а 
йыр vehicle боот, бу General Bi е Т т ope 
by means of such flow 
is a computer-operated 


look, at right angles to уо 
dows of a car, for examp 
Surface is Lhe single stati 
flow patterns may provi 


Every ti 
the Sedi aid 4 Е тоуез toward any rigid. surface, the elements in 
forms a pattern whi een of expansion, and this gradient of expansion 
each direction and ich will be different for each orientation of surface, for 
the observer fro pue of motion of the observer, and for each distance of 
We do not ш: that surface (seê Figures 5-16 and 5-17). 
Purely visual y T how well we can actually use these rich sources of 
he importance р шна about the world (see pp. 80, 81). 
by the fact е ч : self-initiated visual feedback cues is strongly supported 
р. 48, failed t Wig kitten who was confined in the cart shown in Figure 4-13, 
though the А 0 learn to see” as adequately as its moving partner, even 
mean that ir received equally varied visual experience, but this does not 
simple experi ake full advantage of these higher-order variables. Perform this 
Walk with а + yourself. Choose a long, straight street or highway, and 
Do the side steady pace along it while you make the following judgment: 
to stretch = of the street converge toward the horizon, or do they appear 
to conver ау from you in completely parallel arrangement? If they appear 
inform, тве at all, what does this imply about your use of the available 
нор 
With the we took up the problems of space pe 
little eas of explaining how we see the world so correctly, with so 
een etapa т on which to base our perceptions. The problem has now 
€ poten tsed. Considering how much stimulus information there appear io 
tially available to an observer, we must wonder way his perceptions 


ot s 
Pace are not always perfectly correct. 
A The Limited Uses of a Psychoph 


Wi 
Out the higher-order variables of shape, form, and space in recent 
kinds of variables we 


Should ] h more about what 
ook to next, and how to study them. What we have to look for in the 
‘or revision, a start has been 


na of organization, 
and illusions in a new and hopeful manner. 
blind us to the fact 
d to be when the 


f studying sensa- 
i ll the 


rception in Chapter 3, we started 


ysics of Space 


made t 
an wee understanding an 
е can approach constancies 


hievement than it appeare 


e relationships between 
and as psychologists. It 


anger 
and quarrels, smiles and affection, t 
the sensations and their 


e А 
жы Which are important to us as individuals, 
aws of о be guaranteed that if we could discover s 1 
ofa Ps ombination, we should be able eventually to explain the perception 
аз pen е as readily as the perception of an apple. But the idea of sensations 
tions ti шау variables is gone, and with it the possibility of using the sensa- 
9 explain or predict anything at all. It is true that we do have some new 


Sets do 
of elements which may prove useful—the edges and combining laws of shape 
orial and symbolic communica- 


Dercepti 

tion Pe are of some use in the study of pict t 
Bora 83-90), and some of the qualities of surfaces (р. 80) may be im- 
in understanding how we perceive facial expressions (which аге, 
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AREAL 
ПЕП 05012 


— ج‎ 
<— Observer's movement Observer's movement 


ements 
Figure 5-18. How voluntar; 


8 ng' 
y movement and visual feedback make spatial arranger ,g¢ 


c 
an 
theory, but not in fact. (A) When you move, mia 
o (2), you receive visual feedback from your 
which make the visual i 


ddenl? 


stimulus arrangement 
correlated with your o 
mation in the optic array 


» nor should constancy ratios ш] 
à ual use Lo which we can put seing, Ls 
feedback has been subject imental test only in recent years, E the 
‘uation (2), while the observer $ onito! 
e TV camera transmits to the edd ch 
ermits the experimenter to interfere with the Ma 
displacing, or even delaying the picture presente 
Smith). 


Ever 

angement of the skin of the face): f 

so, we must not expect that our soci Perceptions are built up out 0 E 
Order ceived surfaces, any more than Surfaces 

Higher-Order 


are out of sensations of points. 
Variables 
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In the ne | 
шы “i chapter, we shall turn our attention to what little we do know 
al perception and communication. 


SUMMARY 


A hig " 
uec UE diee is a measured relationship between individual o 
of Stimulation i we considered how the use of higher-order variables 
arose in the v t solve many of the problems of sensory analysis that 
constancy ey ie chapter—particularly, problems of color- and size- 
of the С ads the organization of form and motion. For example, ratios 
we see (and wi a adjacent regions in the optic array will predict the colors 
than will Tea ain the phenomena of constancy and of contrast) far better 
Anoir voci of each region considered separately. 
Which some ple higher-order variable is a gradient, W. 
to the other pe н property changes uniformly from one end of some region 
gradients E ia aces at some slant to the line-of-sight produce characteristic 
Variable of Bade x4 in the optic array, providing a higher-order 
егер imulation that automatically takes distance into account and, 
Пегеђу, providing a possible explanation of size-constancy in particular and 


distance-perception in general. 
иар p omes of form remains a somewhat more difficult problem. 
eorists used ambiguous patterns (which lend themselves to the 
ion rather than another to be per- 


hich is the rate at 


5 А 
tun e under the “law” of simp 
simplicit юзе application obviously depends on our 
jective ra Since in recent years first steps have been made toward the ob- 
of main ee of simplicity, predictive laws of shape perception and 

perception seem às possible to achieve as do those of color and size 


Perception, 
qp ated by early perceptual learning or by inborn arrangement, our 
ы seem to choose those ways of seeing the world that keep 
fact offer. surfaces and objects as simple and constant as possible, and this 
arlier ы very different picture of space perception than that of Chapter4: | 
world p^ е eyes seemed to provide only ambiguous information about the 
pro ducite and motion; now, when we consider the higher-order variables 
in the optic array by the observer's own movements the available 


visu i RES E A б 
lal stimulation is potentially quite unambiguous. 
iables of stimulation will explain our 


Ne promise—that higher-order vari 1 
Сер ions of physical space as sim her variables predict our per- 
me e of colors—should not suggest, however, that surfaces are the ele- ,, 
social for building all perception (including, for example, the perception of 
qualities and events). 


being able to measure 
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Social Perception 


and Communication The unifying aim of all 
the questions considered in the previous chapters was (0 
discover how we perceive (and how we portray) the 
world of physical objects and events, Such problems 
are still important, but they can no longer be considered 
to be fundamental to all other perceptual questions. It is 
easier, of course, to experiment with points and lines and 
colors than with, say, facial expressions, and it is easier 
to describe what we have done in such experiments pe- 
cause we have excellent standardized measuring inst!” 


i for 
ments for size and color and almost none at all 


Я : st 
expression; but this fact does aot imply that we m" 
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unde Е 
Boro тугаа of points, colors, and surfaces before we shall be 
wenns се the perception of facial expressions. 
perception is me "s jection to the study of most of the phenomena of social 
would have to be they are so clearly the result oí learning. The same argument 
however. In rien about the perception of physical objects and events, 
tliat ls te cen ai ey's original discussion of space perception, he maintained 
Жау Ња We aec I SO we see magnitude. And we see both in the same 
Bence ya. ch |1 ame or anger in the looks of а тап. ... Without . . . ex- 
gladness.” eu no more have taken blushing for a sign of shame than of 
the active j in proposition was widely accepted, but since it did not prevent 
SN IE investigation of both distance and magnitude, neither should it 
mcs e study of the perception of shame or anger. Though their effec- 
S may be the result of learning, the stimuli of social perception are 


ther 
fuu, De Me tools by which much of the prediction and control of human 
r—including learning—is achieved in practice. The great problems of 
and it is all the more exciting 


human "e 
tst M Sings are implicated in this area, 
ave so little information here. The centuries of preoccupation with 


the ; 
Perception of the physical world has left this an open area for adventure 


and exploration. 
m ain problem in this chapter is one of direction. As long as we could 
elemen e perception of physical events in hopes of finding the fundamental 
more iet and laws by which to explain our perceptions of other and perhaps 
ave Peor. events, the goals and the promise were clear. We no longer 
ecom at rainbow ahead of us, and the problem of what we should study 
of potis Somewhat more serious, considering the immense number of kinds 
take Ception, none more “fundamental” than the others, which we might 
боне At least initially, therefore, we should чу {о Кеер їп mind the 
i ise of each field of research in social perception—the promise of where 


it mi 
might lead, and of what uses it might serve. 


SOCIAL EFFECTS ON PSYCHOPHYSICAL MEASURES 
we noted that the observer's 


affect the measurement of 


In discussing sensory psychophysics (p. 9), 
“errors” for their 


dean interests, and motivation might 
owh olds. Social psychologists first turne! 
алага about 30 years ago. This was 
labor. st during the post-World War i 
Bere atory and into the area of improving 
cl eptual laboratory methods were those that 
ог and space, so that the study of social perception s 


Methods. 

Attempts to bring social relevance to these psychophysical measures 
ae be grouped under two headings: socially produced distortions of psycho- 
Physical correspondence, and socially altered recognition thresholds. 


Wei Distortions of Psychophysical Correspondence 
bes i as social vari- : m 
Pec all the effects of past experience, interest, reward, punishment, expecta- perception 
, and so forth, which we would expect to be different for observers WhO ana 
Communication 


tarted with these 


ror 


Social 
Perception 

and 
Communication 


come from different social classes or backgrounds. Examples are pu 
with coins of different denomination, or with words of varying vu iE 
Social variables have been shown to affect subjects' judgments of the ЖЕ Г). 
of such physical dimensions as size, length, color, and position (Figure thane 
Many of these effects, however, are very small; * indeed, after ак reliable 
decade of quite intensive research in this area, it is not yet clear wha 

and reproducible effects exist. А us 

А cera Way was found to use the available psychophysical apparat 


е is still popular 
and methods for Social-psychological research. This approach is still pop 
today, and it deserves Separate consideration. 


Recognition Thresholds of Social Stimuli 


If we weaken or n 

ч Pant 0 Ü 

5, as we might by making a slide projection bility 

focus, we can then gradually improve the pS 

(in terms of amount of light, duration of Фи e in the 
for recognizing different social stimuli. Thus, 


ish the seeing condition 
too brief or too out of 
and find the threshold 
or degree of misfocus) 
typical perceptual defe 
found to have higher t 
to be brighter, clearer, 
What makes these effe 
port Sigmund Freud's 
havior: Don't these wo 
be seen as a potential t 
raised threshold? Does 
within each body, 

against them, and t 
selves—that sees о 
see? This preperce; 
doctrine of uncons 


* In fact, they are usually smaller than the 


an the JND 
50 that they may well be merely response biases (; 


К 
ОЁ the sensory quality concer! 
See p. 8 
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2—Circle of variable, size 


Figure 6-1. Social effects 
(A [М ا‎ measures. 
Jade tren fom: paor 
ёш who set a variable 
та! р opening (2) to 
(1). the size of а coin 
caine Geren Gated the 
h ize more than di 
Gan riaren (Bruner Rs 
can 98). Similar effects 
Daler curae by using 
з ы ЖЫ of coins, and making the с 
their nee they can be cashed in for candy; as the chips 
children hav size rises (Lambert et al.). The differences between 

€ not proved to be very reliable (Carter and Schooler), 


y experimental 
are rewarded, 


though, and 


I—Coin or poker chip 


in bot 
| ea the magnitudes of the effects 
Improving the 5 а word or picture out of focus 
Wngry subj e focus step by step, pictures of 
ubjects than by sated ones, ап 


are small. 
can та 
food are 
t is 


d so on. This effec 
he intensity 


ke it unrecognizable. (1) 
recognized earlier by 
called autism. (Murphy 
ofa projected 


et al; M 
word Cleland and Atkinson). Similarly, decreasing t 
aking the reading time too brief makes the word illegible (2). “Dirty” 
у electric shock, need longer 


words, 
enpote (hee syllables that ka 
teias ee nda nenial words (3 
recogniti imply some kind of unconscious 
meee or subception 
песе McCleary). All these threshold 
ie Gils ie are usually quite small and may 
(b. 8), so bid or part to response bias 
true dier, the extent to which they reflect 
rene нгы in perception is still at issue. 
(ылу eee chance that subliminal 
as been eshold) advertising (4), which 
these Proposed as an application of 

Phenomena, will work. 


d been followed b. 
). This effect is called perce; 


(McGinnies; 
д 


ptual defense, and 


Conscious perception 
of TV program 
Subliminal 
advertising ? 
Program 
\ Unconscious 
3 perception of 
subliminal advertising 


B = 
m E] 
5 29 
A S18] fF Je БУЗ 
H PE 
$ XE. 
s Recognition 5 M Р, 2 3 £ 607 
9 threshold for E 0 2 <>. defense! 
ns hungry observers Е ^ 0 H Ne "XT E 
E 3 += 33 
3 t 5 $E 
$ Recognition E AAA = 2 © 
3 threshold for 3K) EJ *$ 
sated observers Н E Bes 
н T = Z2 Neutral Вад words 
| words (dirty words, stimuli 
that had previously 
been associated 
3 with shock, etc.) 
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Social 
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and 
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Although real-life situations may 
be confused, or ambiguous in the 
sense that different people will per- 
ceive the same situation in quite 
different ways, they are not gen- 
erally characterized by incredibly 
poor lighting, by hundredth-of-a- 
second glimpses, or by an ad- 
vanced stage of uncorrected myo- 
pia. Nevertheless, these are the 
situations that these experiments 
in Figure 6-1B emulate. Any gen- 
eralization from such research to 
normal social situations must 
therefore be based on the assump- 
tion that one kind of perceptual 
difficulty is equivalent to all others, 
and that our perceptual systém 
tackles the problem of deciding, 
say, whether a new girl is merely 
coy or genuinely dislikes us, just as 
it ilentifies an out-of-focus word. 


Figure 6-2. Physical properties of social 
stimuli. (A) Is she looking at me? There 
is a reciprocal relationship between where 
the eye must be in its socket, and the 
direction in which the head is turned, in 
order that the other person's gaze remains 
fixed on you. We are remarkably precise 
in the degree to which we detect that some- 
one is not looking at us; the degree of 
visual acuity involves detection of differ- 
ences of about one minute of visual angle, 
which is about the precision we expect to 
obtain with such apparently simpler tasks 
as reading the letters on a chart (p. 25) 
(Gibson and Pick). (B) Mechanical motion 
or animate action? In the series of frames 
from an animated cartoon, the geometrical 
figures take the complex paths indicated 
by the dotted lines. Observers trying to 
report what they see in terms of the me- 
chanical paths of motion would have an 
immensely complex task. To say, “T chases 
t and c into the house and closes the door,” 
is far simpler, and this in fact is the kind 
of action most observers report seeing 
(Heider and Simmel). In what way is this 
similar to the operation of the minimum 
principle in the perception oj shape and 
motion as we discussed these in bp. 87-947 
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There i T Р 

od үк difficulty in taking such social effects on psychophysical 
were built up in so arting point, however. If the perception of social events 
the results of su ү m out of JND's of color and position, we could apply 
Perception: we Е threshold experiments as those in Figure 6-1 to social 
longer а tenable now. from the previous chapters, however, that this is no 
social qualities Е If we could expect the same kinds of distortions of 
these findings ace te as we find occuring in, say, size (Figure 6-1A), then 
would have to ae i become relevant to social perception—but first, we 
Of social percepti ow something about the normal or undistorted qualities 

ception, and this is precisely the field that has been so neglected. 


The mai 
beth уа reason for such neglect is probably that light and sound are 
о manipulate and to measure, but the same is simply not true for 


Social ey : 

experimentall and objects. People and groups are difficult to manipulate 

recent year У, difficult to measure, and difficult to describe precisely. In 
S, techniques have been found to surmount these difficulities. 


THE PERCEPTION OF PEOPLE 
AND OF OTHER SOCIAL OBJECTS AND EVENTS 


Onl Р... 

Size, a à few experiments provide a link, between the problems of direction, 

in the ton, and so on studied in the previous chapters, and those involved ^ 
Perception of living creatures and of their characteristic properties. 


€ directi 5 
i ection of another person's gaze, the s the condi- 


of how we judge persons 


and the; 
heir personalities has been pursued for quite different purposes from 
ience, some of the 


T! r Facia 

ied 58 long history of 

of bo ier attempts to identify ce 

intelli : types, on the one hand, wit 

6-3A 5 ae amiability vs. hostility, an 

fp ido В). Most people consider themse 

photo ecting the candidate for a job the personal 0 

erie pinned to the application blank) remains as testimony to 

This ata person's future actions can be judged by his appearance. 

the us is a question of perceptual achievement in part (similar in form to 

е of depth cues to arrive at a correct perception of space; see рр. SOff.). 


Ow А 4 5 3 
accurately do judges really use facial cues to perceive personal traits, 
we have to be able to 


rtain characteristics of facial structure 
h honesty vs. dishonesty, stupidity vs. 
d so on, on the other hand (Figure 
Ives good judges of character, and 
interview (or, at least, а 
the 


1 Cues to Character Traits and Abilities 


and 
кы ү they come to do so? First, of course, Social 
1 5 + 1 i Є 
e traits we are interested in before we can approach this question. «ойга 
апа 
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Communication 


‚у у, | 
3, Physiognom? | 
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th that it is reasonable to hope that we can discover 
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Figure 6-6. Esthetic qualities and the attractiveness of social stimuli. (A) We p 
that man, as well as the lower animals, will do work to gain rewards of joe 
and drink—to gain the necessities of life. Both beast and man will also „үс 
simply to gain the reward 0] seeing (or hearing, or touching) certain stima 
male Siamese fighting fish (1), which will fight any-male intruding on its terri 1 
can be conditioned to perform some task, such as swimming through @ т, в) 
obtain the reward of seeing the model (2) of another male (Thompson). тот 
With human beings, the list of stimuli that are rewarding to perceive mat о 
Mozart symphonies to Miss America, from Picasso paintings to popular 1 er 
Except jor some arbitrary beauty-contest conventions about “ideal” female y 
sions, however, we know less about attractive stimuli for man than we do 8 
those for fish. ic value, 
(C) There have been many attempts to discover the formulas for esthetic PUR 
to find the laws that will tell us what Stimulus pattern will be pleasing or нац 
А very interesting onc of recent vintage is the “butterfly curve" shown lint 
which is intended to apply to various stimuli (McClelland et al.). The deo i A 
(1) is the adaptation level, or the stimulation we are habituated to (Hel body 
According to this curve, a stimulus at adaptation level—say, bath water p As 
temperature—iwill be neither pleasing nor unpleasing: IL will be neutral ‚у 
the stimulus departs from the adaptation level slightly—say, by becoming n 
warmer or cooler than 98.6°—it will become pleasant to experience (3, y) [o be- 
As the stimulus becomes still more different from the adaptation level, it И шам 
come unpleasant and noxious (4, 4'). Although evidence is insufficient to 60 tral- 
this theory as yet, think about the cycle of unpopularity, popularity, and ne" 
ity through which popular songs (and other fashion cycles) swing. 
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